ASIAC 


Report  No.  779. 1A 
Revision  1 


STATIC  STRUCTURAL  ANALYSIS  OF 
THE  LOREORS  ELECTRONIC 
CONSOLE  SUPPORT  FRAME 


September  1979 


Approved  for  Public  Release; 
Distribution  Unlimited 


AEROSPACE  STRUCTURES 
INFORMATION  AND  ANALYSIS  CENTER 

OPERATED  FOR  THE  AIRFORCE  FLIGHT  DYNAMICS  LABORATORY 
BY  ANAMET  LABORATORIES,  INC. 


19990518  04 


Report  No.  779. 1A 
Revision  1 
September  17,  1979 


STATIC  STRUCTURAL  ANALYSIS  OF 
THE  LOREORS  ELECTRONIC 
CONSOLE  SUPPORT  FRAME 


September  1979 


Approved  for  Public  Release; 
Distribution  Unlimited 


Aerospace  Structures 
Information  and  Analysis  Center 


AEROSTRUCTURES IAC 
AN  AM  ET  LABORATORIES,  INC. 
100  INDUSTRIAL  WAY 
SAN  CARLOS.  CALIFORNIA  84070 
TEL.  (4151  383-2123 


AEROSTRUCTURES  IAC 
AFFDL/FBR 

WRIGHT'PA  TTERSON  AFB, 
OHIO  43433 
TEL.  (313)  235-0608 


Operated  for  the  Air  Force  Flight  Dynamics  Laboratory  by  Anamet  Laboratories,  Inc. 


Aerospace  Structures 
Information  and  Analysis  Center 


Report  No.  779.1A 
Revision  1 

September  17,  1979 


This  report  is  a  revision  of  Report  No.  779.1A  which  con¬ 
tained  some  erroneous  results  due  to  improper  loading  applica¬ 
tion  for  the  finite  element  analysis. 

This  report  describes  the  static  structural  analysis  used 
to  verify  the  structural  adequacy  of  the  LOREORS  Electronic 
Console  Support  Frame  under  crash  loadings  of  a  C-141  aircraft. 
The  results  of  the  analysis  confirm  that  the  support  frame  will 
satisfactorily  withstand  the  loading  conditions.  This  work  was 
done  by  the  Aerospace  Structures  Information  and  Analysis  Center, 
which  is  operated  for  the  Air  Force  Flight  Dynamics  Laboratory 
by  Anamet  Laboratories  under  Contract  No.  F33615-77-C-3046 . 


Submitted  by: 


IT  Patrick  Bills 


Approved  by: 


Aerospace  Structures 
Information  and  Analysis  Center 


TABLE  OF  CONTENTS 

Page  No . 

I.  INTRODUCTION  .  1 

II.  TECHNICAL  DISCUSSION  .  3 

III.  SUMMARY  OF  RESULTS .  18 

IV.  CONCLUSIONS .  26 

APPENDIX  A  -  TABULATION.  OF  TECHNICAL  DRAWINGS  FOR 

LOREORS  ELECTRONIC  CONSOLE  SUPPORT  FRAME 

APPENDIX  B  -  PBAR  PROPERTY  CALCULATIONS 

APPENDIX  C  -  DETAILED  CALCULATIONS  AND  STRESS  ANALYSIS 


APPENDIX  D  -  STATIC  EQUILIBRIUM  CALCULATIONS 


Aerospace  Structures 
Information  and  Analysis  Center 


LIST  OF  ILLUSTRATIONS 

Figure  No.  Page  No. 

1  Schematic  of  Electronic  Console  Support 

Frame .  2 

2  Schematic  of  Console  Model  .  5 

3  Load  Versus  Deflection  for  Model  507  Code  3 

Isolator  .  6 

4  Schematic  of  the  Model  for  Symmetric  Right 

Half .  8 

5  Lower  Corner  Structure  of  the  Three 


Intersecting  Channel  Members,  2,  3,  and  5  .  10 

6  Drawing  of  NASTRAN  Elements  for  Bottom 


Gusset  Plates  .  11 

7  NASTRAN  Plot  of  Complete  Model  .  12 


8  NASTRAN  Plot  of  Front  View  at  Z  =  0  ....  13 

9  NASTRAN  Plot  of  Right  Side  at  X  =  32.5  .  .  .  14 

10  NASTRAN  Plots  of  Upper  and  Lower  Channels 

for- Console  Mounts,  Base  Zee  and  Top 
Structure . .  15 

11  NASTRAN  Plot  of  the  Back  View  at  Z  =  30.0  .  16 


Aerospace  Structures 
Information  and  Analysis  Center 


LIST  OF  TABLES 

Table  No.  Page  No. 

1  Material  Properties  .  4  • 

2  NASTRAN  Results  for  the  Margins  of  Safety 

Less  Than  10.0  and  the  Corresponding  Tensile 
Stress .  19 

3  NASTRAN  Results  for  Margins  of  Safety  Less 

Than  10.0  and  the  Corresponding  Compressive 
Stress .  20 

4  Summary  of  Detailed  Calculation  Stresses  and 

Margins  of  Safety .  21 

5  Console  Reaction  Forces  .  23 

6  Isolator  Relative  Displacements  at  9  g  Fore 

and  6  g  Down  Loading  Conditions  .  . .  2  5 


Aerospace  Structures 
Information  and  Analysis  Center 


I.  INTRODUCTION 

This  report  documents  a  structural  analysis  performed  by 
ASIAC  personnel  at  the  request  of  the  Air  Force  to  verify  the 
structural  integrity  of  the  LOREORS  Electronic  Console  Support 
Frame.  The  frame  was  analyzed  for  the  crash  loads  as  specified 
by  the  4950th  Flight  Test  Wing. 

A  schematic  diagram  of  the  support  frame  is  shown  in 
Figure  1.  A  detailed  NASTRAN  finite  element  model  was  con¬ 
structed  of  the  frame  from  dimensions  given  by  the  drawings 
listed  in  Appendix  A.  The  finite  element  model  was  then  sub¬ 
jected  to  the  six  independent  crash  loads  to  obtain  the 
respective  element  deflections ,  forces  and  stresses . 

This  report  further  discusses  the  methodology  of  the 
analysis,  including  modeling  assumptions  and  the  interpretation 
of  the  NASTRAN  results.  Detailed  calculations  were  performed 
for  those  areas  of  the  structure  not  adequately  analyzed  by  the 
finite  element  model.  The  results  of  the  NASTRAN  model  and  the 
detailed  calculations  are  presented  in  Section  III.  The  de¬ 
tailed  calculations  and  calculations  used  to  construct  the  model 
are  both  supplied  in  the  appendices . 
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Figure  1  Schematic  of  Electronic  Console  Support  Frame 
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II.  TECHNICAL  DISCUSSION 

Static  structural  analysis  of  the  LOREORS  Electronic 
Console  Support  Frame  was  accomplished  by  using  NASTRAN,  a  large 
scale  finite  element  computer  program,  in  conjunction  with  de¬ 
tailed  hand  calculation  stress  analyses.  Detailed  stress  anal¬ 
ysis  was  performed  in  all  areas  that  lacked  adequate  definition 
due  to  the  limitations  of  finite  element  modeling. 

The  support  frame  is  constructed  primarily  of  structural 
channel  members  with  0.375  in.  thick  gusset  plates  at  the 
corners  for  reinforcement.  It  is  an  aluminum  structure  with 
the  members  joined  by  welds  and  designed  to  support  a  console 
cabinet  weighing  1,450  lb.  Vibration  isolators  are  used  to 
mount  the  console  to  the  support  frame. 

The  material  properties  used  for  the  analysis  are  listed 
in  Table  1.  Since  some  discrepancy  existed  among  the  references 
for  the  properties,  the  predominant  values  were  used. 

As  instructed  by  the  4950th  Flight  Test  Wing,  the  crash 
loads  used  for  the  analysis  were  as  follows : 

9.0  g  Fore  (+x  direction) 

1.5  g  Aft  (— x  direction) 

1.5  g  Side  to  Side  (  +  z  and  -z  directions) 

6.0  g  Down  (-y  direction) 

3.0  g  Up  (+y  direction) 

These  constituted  the  six  loading  conditions  used  for  the  anal¬ 
ysis  with  the  respective  applied  global  directions  for  the 
NASTRAN  models  as  indicated  above. 

Initially,  a  separate  model  was  constructed  to  represent 
the  console  and  isolators  in  order  to  determine  the  console 
loads  on  the  support  frame.  A  concentrated  weight  of  1,450  lb. 
was  located  at  the  center  of  gravity  for  the  console.  Then, 
rigid  elements  were  used  to  connect  the  weight  to  spring  elements 
which  simulated  the  isolators.  Figure  2  is  a  schematic  of  the 
console  model.  Also,  Figure  3  gives  the  load  versus  deflection 
characteristics  of  the  isolators  for  axial  loading.  Using  this 
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TABLE  1 

MATERIAL  PROPERTIES 


Property 

A1  6061-T6 
QQ-A-200/8 

A1  6061-T651 
QQ-A-250/11 

Welded  6061 

With  5356  Filler  Alloy 

E(xlO^  psi . ) 

10.4 

10.4 

- 

G(xlO^  psi.) 

3.9 

3.9 

1 

V 

0.33 

0.33 

- 

p  (lbf/in^) 

0.10 

0.10 

- 

Ftu  (psi.) 

37,000 

42,000 

30,400 

Fty  (psi.  ) 

33,000 

35,000 

19,300 

Fcy  (Psi‘) 

35,000 

35,000 

19,300 

Fsu  (Psi*) 

27,000 

27,000 

60%  F  =  18,240 
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curve,  a  spring  rate  of  1,750  lb/in.  was  calculated  for  the 
isolators.  Since  load  versus  deflection  characteristics  were 
not  supplied  for  transverse  shear,  the  spring  rate  for  shear 
loading  was  assumed  to  be  the  same  as  the  axial.  Also,  rota¬ 
tional  spring  rates  for  the  isolators  were  calculated,  assuming 
that  they  behaved  isotropically.  This  model  was  then  subjected 
to  the  six  loading  conditions  to  obtain  the  loads  imposed  by 
the  console  on  the  frame. 

Several  different  spring  rate  values  and  spring  configura¬ 
tions  were  analyzed.  It  was  finally  determined  that  the  rota¬ 
tional  spring  components  were  insignificant,  and  did  not  need 
to  be  included.  Therefore,  the  final  console  forces  obtained 
were  for  springs  only  in  the  axial  and  the  two  transverse 
directions.  Also,  since  the  load  versus  deflection  curve  for 
the  isolators  was  not  linear,  NASTRAN  analyses  were  performed 
for  spriAg  rates  calculated  from  different  points  on  the  curve. 
Finally,  the  spring  rate  for  the  end  point  on  the  curve  was 
considered  the  best  representation. 

Next,  the  NASTRAN  model  of  the  support  frame  was  developed 
according  to  the  technical  drawings.  Since  the  support  frame 
structure  is  symmetrical,  the  model  was  constructed  for  one-half 
of  the  structure,  and  reflective  symmetry  was  used  to  evaluate 
the  entire  structure.  Figure  4  is  a  schematic  illustration  of 
the  symmetric  half  of  the  structure  which  was  modeled.  Actually, 
two  generations  of  models  were  developed.  The  first  model 
consisted  primarily  of  offset  bar  elements  with  only  the  gussets 
modeled  as  plate  elements .  This  model  supplied  a  good  repre¬ 
sentation  of  the  overall  load  paths,  yet  lacked  detailed  defi¬ 
nition  at  the  corner  weldment  regions .  The  second  generation 
model  was  a  revision  of  the  first  by  replacing  the  bar  elements 
of  some  members  with  plate  elements.  The  NASTRAN  results  for 
the  first  generation  model  indicated  that  the  elements  in  the 
lower  corners  were  higher  stressed  than  those  in  the  upper 
corners.  Consequently,  plate  elements  were  used  to  model  the 
connections  between  channel  members  2,  3,  and  5  and  the  gusset 
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Figure  4  Schematic  of  the  Model  for  Symmetric 
Right  Half 
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plates  at  the  lower  corners.  Figures  5  and  6  display  these 
connections.  The  second  generation  model  with  this  revision 
supplied  results  to  adequately  evaluate  the  weldment  stresses 
for  the  lower  corners.  Only  the  results  of  the  second  genera¬ 
tion  model  are  being  presented  in  this  report.  Figures  7 
through  11  are  NASTRAN  plots  which  further  illustrate  the  grid 
points  and  elements  of  the  model.  By  using  symmetry  and  anti¬ 
symmetry,  the  reaction  loads  from  the  console  were  correctly 
applied  to  the  model.  Grid  points  32,  33,  53,  and  54  repre¬ 
sented  the  upper  attachment  locations  of  the  isolators  to  the 
frame.  Grid  points  36,  37,  55,  and  56  represented  the  lower 
attachment  locations  of  the  isolators  to  the  frame.  The 
reaction  loads  from  the  console  were  applied  at  these  points. 

Since  the  center  of  gravity  for  the  console  was  not  sym¬ 
metric  with  respect  to  the  support  frame,  two  analyses  were 
made  with  the  support  frame  model.  First,  the  model,  as  pre¬ 
viously  described  for  the  right  half  of  the  structure,  was 
executed  with  the  applied  console  loads  and  Six  loading 
conditions.  Next,  by  using  symmetry  and  anti-symmetry ,  the 
loads  were  applied  to  the  model  to  obtain  the  results  for  the 
left  half  of  the  structure.  This  method  provided  element 
displacements,  forces  and  stresses  for  the  entire  support  frame. 

In  order  to  simulate  the  boundary  conditions  for  the 
attachment  points  on  the  base  of  the  frame  to  the  aircraft, 
grid  points  41,  42,  62,  and  63  were  constrained  from  translation 
in  any  direction.  These  points  were  free  to  rotate,  although 
in  the  actual  structure  some  rotation  will  be  restrained.  By 
only  constraining  the  translations,  more  conservative  results 
will  be  obtained  for  those  parts  of  the  structure  other  than 
the  base  attachment  areas .  The  model  was  also  analyzed  for  the 
1.5  g  Side  to  Side,  9  g  Fore,  and  6  g  Down  loading  conditions, 
with  the  attachment  points  fully  constrained  from  translational 
and  rotational  displacements.  This  analysis  using  the  fully 
constrained  boundary  conditions  produced  lower  stresses,  except 
for  elements  at  the  base  attachment  points.  However,  the  stress 
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Figure  6  Drawing  of  NASTRAN  Elements  for 
Bottom  Gusset  Plates 
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Figure  8  NASTRAN  Plot  of  Front  View  at 


Figure  9  NASTRAN  Plot  of  Right  Side  at 
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Figure  10  NASTRAN  Plots  of  Upper  and  Lower 
Channels  for  Console  Mounts,  Base 
Zee  and  Top  Structure 
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increase  at  the  attachment  points  was  insignificant. 
Consequently,  the  results  being  presented  were  obtained  by  using 
the  boundary  conditions  of  the  attachment  points  only 
constrained  from  translations. 

Routine  checks  of  the  model  showed  the  off  diagonal  to 
diagonal  ratio  and  the  epsilon  values  of  the  stiffness  matrix 
to  both  be  low,  thus  indicating  a  good  numerical  solution. 

Also,  plotting  was  performed  to  verify  the  element  connections. 
Figures  7  through  11,  which  illustrate  the  NASTRAN  plots,  show 
the  bar  elements  in  their  unoffset  positions .  Offsets  were 
used  in  the  analysis  to  reposition  the  bar  elements  from  the 
grid  points  to  the  elements  centroid. 

A  printed  output  file  of  the  input  and  output  data  created 
by  NASTRAN  is  not  included  in  this  report  due  to  its  size. 
However,  one  copy  of  this  printout  has  been  sent  to  the  4950th 
Test  Wing  and  an  additional  copy  has  been  retained  by  ASIAC  and 
is  available  upon  request. 
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111 .  SUMMARY  OF  RESULTS 

The  structural  adequacy  for  this  support  frame  is  verified 
by  utilizing  both  the  finite  element  technique  and  detailed 
stress  analysis. 

The  finite  element  analysis  uses  NASTRAN  to  calculate 
internal  moments  and  forces,  as  well  as  grid  point  displacements 
and  element  stresses.  The  internal  forces  and  moments  are  used 
as  applied  loads  for  the  detailed  stress  analysis . 

The  results  of  the  NASTRAN  stress  analysis  are  shown  in 
Table  2  for  tension  and  in  Table  3  for  compression.  The  margins 
of  safety  for  less  than  5.00  are  given  in  these  tables,  and  are 
based  on  the  yield  strength  of  the  material.  The  stress  and 
force  results  for  the  evaluation  of  the  left  half  of  the  support 
frame  were  the  highest,  and  are  the  ones  being  presented  and 
used  for  the  detailed  calculations.  The  results  of  the  detailed 
calculations  are  given  in  Table  4.  As  indicated  by  the  results 
in  these  tables ,  the  margins  of  safety  remained  positive  for 
the  six  loading  conditions.  The  lowest  margin  of  safety  was 
0.12,  and  resulted  from  the  detailed  analysis  for  the  weldment 
stresses  of  the  structural  Zee  member.  The  lowest  margin  of 
safety  obtained  from  the  NASTRAN  output  wa s.  Q.7.8  for  element 
CBAR  2  in  the  9  g  fore  loading  condition.  This  element  corres¬ 
ponds  to  the  bottom  horizontal  support  channel  3  at  the  front. 
The  maximum  stress  obtained  was  18,555  psi. 

Appendix  D  contains  calculations  which  verify  static 
equilibrium  of  the  entire  support  frame  for  the  six  loading 
conditions.  The  results  of  these  calculations  show  that  the 
summation  of  forces  and  moments  for  the  left  and  right  halves 
balance,  thus  demonstrating  static  equilibrium. 
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TABLE  2 


NASTRAN  RESULTS  FOR  THE  MARGINS 
LESS  THAN  5.0  AND  THE  CORRESPONDING 


OF  SAFETY 
TENSILE  STRESS 


Element  Maximum  Margin 

Number  Loading  Stress  (psi.)  of  Safety 


CBAR2 

9  g  Fore 

18,555 

0.78 

CBAR3 

IT 

15,787 

1 . 1 

CBAR6 

IT 

17,820 

0.85 

CBAR7 

IT 

15,667 

1 . 1 

CBAR8 

It 

7,571 

3 . 4 

CBAR10 

II 

10,532 

2 . 1 

CBAR11 

II 

10,054 

2 . 3 

CBAR13 

II 

12,764 

1 . 6 

CBAR14 

II 

12,918 

1 . 6 

CBAR15 

II 

13,580 

1.4 

CBAR18 

II 

6,272 

4 . 3 

CBAR19 

II 

6,250 

4 . 3 

CBAR23 

II 

16,513 

1. 0 

CBAR24 

II 

14,728 

1 . 3 

CBAR25 

It 

7,298 

3  .  5 

CBAR27 

II 

9,947 

2 . 3 

CBAR2 8 

II 

8,204 

3  •  0 

CBAR49 

II 

15,189 

1 . 2 

CBAR50 

II 

17,710 

0 . 86 

CBAR53 

II 

12,502 

1. 6 

CBAR54 

II 

12,677 

1 . 6 

CBAR55 

II 

11,493 

1 . 9 

CBAR58 

tl 

13,917 

1.4 

CBAR61 

II 

13,156 

1 . 5 

CBAR37 

6  g  Down 

6,161 

4 . 4 

CBAR40 

II 

6,113 

4 . 4 
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TABLE  3 

NASTRAN  RESULTS  FOR  MARGINS  OF  SAFETY 
LESS  THAN  5 . 0 

AND  THE  CORRESPONDING  COMPRESSIVE  STRESS 


Element  Maximum  Margin 

Number  Loading  Stress  (psi.)  of  Safety 


CBAR2  9  g  Fore 

CBAR3  " 

CBAR6 

CBAR7  " 

CBAR8  " 

CBAR10  " 

CBAR11  " 

C BARI 2  " 

CBAR13  " 

CBAR14  " 

CBAR15  " 

CBAR23  " 

CBAR24  " 

CBAR25  " 

CBAR27  " 

CBAR28  " 

CBAR29  " 

CBAR49  " 

CBAR50 

CBAR53  " 

CBAR54  " 

CBAR55 

CBAR58  " 

CBAR59  " 

CBAR60  " 

CBAR61  " 

CBAR3  7  6  g  Down 

CBAR38  " 

CBAR39  " 

CBAR40  " 


12,581 

1.8 

7,818 

3.5 

16,622 

1.1 

18,035 

0.94 

8,948 

2.9 

11,666 

2.0 

12,658 

1.  8 

6,409 

4.5 

13,966 

1.5 

13,352 

1.6 

12,769 

1.7 

14,790 

1.4 

16,178 

1.2 

8,930 

2.9 

11,827 

2.0 

11,511 

2.0 

6,426 

4.4 

7,663 

3.6 

12,050 

1.9 

13,594 

1.6 

12,966 

1.  7 

11,489 

2.0 

14,090 

1.5 

6,489 

4.4 

6,029 

4.8 

13,295 

1.6 

7,970 

3.4 

6,850 

4.1 

6,834 

4.1 

7,814 

3.5 
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TABLE  4 

SUMMARY  OF  DETAILED  CALCULATION 
STRESSES  AND  MARGINS  OF  SAFETY 


Location 

Loading 

Maximum 

Stress  (psi . ) 

Margins 
of  Safety 

Weldment  of  cross 
member  Channel  4 
to  vertical 
Channel  2 

Combined: 

9  g  Fore, 

6  g  Down , 

1.5  g  Side 

10,097 

0.91 

Weldment  of  Zee 
member  to 

Channel  member 

No.  3 

9  g  Fore 

17,289 

0.12 

Beam  column 
buckling  of 
vertical 

Channel  No.  2 

Combined : 

9  g  Fore, 

6  g  Down , 

1.5  g  Side 

1.2 

Isolator 

elastomer 

Combined : 

9  g  Fore, 

6  g  Down , 

1.5  g  Side 

2,712 

0.5 
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Tables  5  and  6  summarize  the  console  attachment  reactions 
and  the  isolator  deflections .  The  attachment  reactions  were 
obtained  from  the  rigid  console  model,  and  were  the  loads 
applied  at  the  attachment  points  on  the  support  frame.  The 
isolator  deflections  are  the  relative  displacements  of  that 
part  of  the  isolator  attached  to  the  console  to  that  part  of 
the  isolator  attached  to  the  support  frame.  Only  the  deflec¬ 
tions  for  the  9  g  Fore  and  the  6  g  Down  loading  conditions  are 
given  in  Table  6.  These  are  the  only  deflections  needed  to 
check  for  bottoming  out  of  the  isolators .  According  to  the 
detailed  calculations  in  Appendix  C,  the  isolators  may  bottom 
out  for  the  9  g  Fore  loading  condition.  .  The  deflection  value 
used  for  the  calculations  was  from  the  NASTRAN  results .  As 
discussed  previously,  the  spring  rates  used  are  from  the  end 
point  of  the  load  versus  deflection  curve  in  Figure  3.  Further 
inspection  of  this  curve  shows  that  the  spring  rate  should 
increase  as  the  load  increases.  Consequently,  the  spring  rate 
for  the  isolator  load  of  the  9  g  Fore  loading  condition  will 
be  greater  than  the  one  used  in  the  NASTRAN  analysis.  Therefore, 
the  deflection  is  expected  to  be  lower  so  that  bottoming  out 
will  not  occur.  If  a  spring  rate  of  2,023  lb/in.  was  assumed, 
bottoming  out  would  not  occur.  This  spring  rate  is  reasonable 
considering  Figure  3. 

The  detailed  stress  calculations  in  Appendix  C  are  used 
to  examine  the  critical  weldment  areas  of  the  structure  and  the 
susceptibility  to  buckling  of  the  vertical  channel  beam  column. 
The  results  of  the  detailed  calculations  demonstrated  positive 
margins  of  safety  for  the  weldment  stresses  and  for  column 
buckling  stability.  Also,  the  detailed  stress  calculations  of 
the  isolators  yielded  positive  margins  of  safety. 
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TABLE  5 

CONSOLE  REACTION  FORCES 


Console  Grid 

X  Direction 
(lbs. ) 

Y  Direction 
(lbs. ) 

Z  Direction 
(lbs . ) 

F 

or  1.5  g  +Z  Direction  Loading 

101 

18.45 

0.13 

317.33 

102 

-18.45 

-0.13 

317.33 

103 

18.45 

0.13 

225.54 

104 

-18.45 

-0.13 

225.54 

105 

18.45 

0.13 

318.21 

106 

-18.45 

-0.13 

318.21 

107 

18.45 

0.13 

226.42 

108 

-18.45 

-0.13 

226.42 

For  1.5  g  -Z  Direction  Loading 

101 

-18.45 

-0.13 

-317.33 

102 

18.45 

0.13 

-317.33 

103 

-18.45 

-0.13 

-225.54 

104 

18.45 

0.13 

-225.54 

105 

-18.45 

-0.13 

-318.21 

106 

18.45 

0.13 

-318.21 

107 

-18.45 

-0.13 

-226.42 

108 

18.45 

0.13 

-226.42 

For  9.0  g  +X  Direction  Loading 

101 

1,668.15 

-1.38 

96.38 

102 

1,590.67 

-1.38 

96.38 

103 

1,668.15 

1.38 

-96.38 

104 

1,590.67 

1.38 

-96.38 

105 

1,671.83 

-1.38 

96.38 

106 

1,594.35 

-1.38 

96.38 

107 

1,671.83 

1.38 

-96.38 

108 

1,594.35 

1.38 

-96.38 

For  1.5  g  -X  Direction  Loading 

101 

-278.02 

0.23 

-16.06 

102 

-265.11 

0.23 

-16.06 

103 

-278.02 

-0.23 

16.06 

104 

-265.11 

-0.23 

16.06 

105 

-278.64 

0.23 

-16.06 

106 

-265.73 

0.23 

-16.06 

107 

-278.64 

-0.23 

16.06 

108 

-265.73 

-0.23 

16.06 
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TABLE  5 
(Continued) 


Console  Grid 

X  Direction 
(lbs. ) 

Y  Direction 
(lbs.) 

Z  Direction 
(lbs. ) 

For  6  g  -Y  Direction  Loading 

101 

-102.30 

-1,179.51 

51.24 

102 

-102.30 

-1,148.67 

51.24 

103 

-102.30 

-1,026.33 

51.24 

104 

-102.30 

-995.49 

51.24 

105 

102.30 

-1,179.51 

-51.24 

106 

102.30 

-1,148.67 

-51.24 

107 

102.30 

-1,026.33 

-51.24 

108 

102.30 

-995.49 

-51.24 

For  3  g  +Y  Direction  Loading 

101 

51.15 

589.76 

-25.62 

102 

51.15 

574.34 

-25.62 

103 

51.15 

513.16 

-25.62 

104 

51.15 

497.74 

-25.62 

105 

-51.15 

589.76 

25.62 

106 

-51.15 

574.34 

25.62 

107 

-51.15 

513.16 

25.62 

108 

-51.15 

497.74 

25.62 
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TABLE  6 

ISOLATOR  RELATIVE  DISPLACEMENTS  AT 
9  G  FORE  AND  6  G  DOWN  LOADING  CONDITIONS 


9  g  Fore 

Grid 

101 
102 

103 

104 

105 

106 
107 
10  8 

6  g  Down 

101  0.01 

102  0.01 

103  0.02 

104  0.02 

105  0.05 

106  0.05 

107  0.05 

108  0.05 


Y  (in. )  Z  (in . ) 


0.03 

0.02 

0.03 

0.02 

0.03 

0.02 

0.03 

0.02 

0.02 

0.05 

0.02 

0.05 

0.02 

0.05 

0.02 

0.05 

0.61 

0.01 

0.60 

0.01 

0.53 

0.01 

0.51 

0.01 

0.64 

0.03 

0.56 

0.03 

0.55 

0.03 

0.54 

0.03 

X  (in.) 

0.01 

0.01 

0.02 

0.01 

0.87 

0.83 

0.87 

0.83 
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IV.  CONCLUSIONS 

The  results  from  the  NASTRAN  model  and  the  detailed  calcu¬ 
lations  satisfactorily  ascertain  the  structural  capability  of 
the  LOREORS  Electronic  Support  Frame  for  the  previously 
described  loading  conditions. 

Briefly,  the  lowest  margins  of  safety  and  their  corres¬ 


ponding  locations  are  as  follows: 

Channel  No.  3  for  base  structure  near  structural 

Zee  member  at  left  side  on  the  front  +0.78 

Vertical  Channel  No.  2  at  left  side  on  front  +0.85 

Channel  No.  3  for  base  structure  near  structural 

Zee  member  at  left  side  on  the  back  +0.86 

Weld  between  Channel  No.  4  and  Channel  No.  2  at 

left  side  on  the  front  +0.91 

Weld  between  structural  Zee  and  Channel  No.  3  at 

left  side  on  the  back  +0.12 

Column  buckling  for  vertical  Channel  No.  2  +1.2 

Isolator  elastomer  stress  +0.5 

Figure  1  clarifies  the  locations  referred  to  here. 


In  conclusion,  all  the  results  verify  that  the  support 
frame  will  maintain  its  structural  integrity  and  be  able  to 
withstand  the  specified  loading  conditions. 
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APPENDIX  A 

TABULATION  OF  TECHNICAL 
DRAWINGS  FOR  LOREORS 
ELECTRONIC  CONSOLE  SUPPORT  FRAME 


A-l 
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Information  and  Analysis  Center 


TECHNICAL  DRAWINGS 


Description 

Frame  Weldment, 

Console  Support 

Frame  Weldment, 

Console  Support 

Cabinet  Assembly  -  2  Bay 
RFI  Shielded 


Fairchild  Imaging  Systems 
_ Drawing  Number _ 

1289-559  sheet  1 

1289-559  sheet  2 

1285-519  sheet  3 


A- 2 


Aerospace  Structures 
Information  and  Analysis  Center 


APPENDIX  B 

PBAR  PROPERTY  CALCULATIONS 


B-l 


Aerospace  Structures 
Information  and  Analysis  Center 

PROPERTY  NUMBER:  1 

ELEMENT  NUMBERS:  1 

2 

3 
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PROPERTY  NUMBER:  l  (continued) 

CALCULATIONS: 

See  INERTIA  program  output  on  following  page. 


STRESS 

RECOVERY 

POINTS 

Point 

y 

z 

C 

1.4  67 

2.0 

D 

1.467 

-2.0 

E 

-0.783 

o 

CM 

F 

-0.783 

O 

CM 

1 

OFFSET 


CBAR  Element  No. 

Z1A 

Z2A 

Z3A 

Z1B 

Z2B 

1 

0.  0 

0.  0 

0.  0 

0.0 

0.  0 

2 

0.  0 

0.0 

-0.783 

0.  0 

1.  62 

3 

0.  0 

1.62 

-0.783 

0.0 

1.  62 

SHEAR  FACTORS 


2(2.25)(0.29) 
1  "  1. 95 


0.67 


4(0.19) 
2  1.  95 


0.39 


Z3B 

-0. 783 
-0. 783 
-0.783 
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•  *  ■  *  * 
•  •  •*  • 
***** 
***** 
***** 
*  •*  *« 


*****  bAK  pKUPtkTY  NUMbtW 

**••«  dlslkIfuun-  hoak  MU.  1 


1  ML  k  I  1  A 


***** 


*****  1 NPU 1 

•**••  1YHL  UUM  B  H  bl 

•««••  HLC1  O.UU  N.OUUOU  2.2bUUU  U.UUUUU 

*****  kttT-l.UU  3.<42uu0  <?*U6UOU  U.UUUUU 


Ml 

o. uuuuu 

U.UUUUU 


A 

U.UUUUU 

U.UUUUU 


1 

U, uuuuU 
, 1 Vuuu 


«Lf 

U.UUUUU 

U.UUUUU 


***** 
**«  •« 
***** 
*  *  *  *  * 
***** 
***** 
***** 


UU T PU 1 
MU, 

1  9.UUU00 

2  -7.U«b20 


XL 

U.UUUUU 

u. Ouuuu 


It 

1* 

11 

1X1 

* 

1  .  12bUU 

3. 79oeb 

12. UUUUU 

U.UuUUU 

lb. lb/bu 

1 .22uuu 

-<>.*491*2 

-6,b069b 

U.UUUUU 

-9,96 So? 

*  *  *  *  * 


«  ***  • 


*  *  *  *  * 
•  •«  *  * 


*  *•  *  * 


***** 

***** 

***** 

***** 

***** 

***** 

***** 


***** 

***** 

***** 

***** 

***** 

***** 

«•••* 

***** 


lUlAL  AkL  a  = 

X  LLhlKUlU  D151ANtt= 

t  LtNlHUlL)  UlSlAMLlS 

lx  (AbUUl  CLM1kUIU)= 

IT  lAtJUUl  LtMKUlD)*- 

1XT  (AouUl  LLM1MU1U)= 

JhAxs 

lMlh»  = 

alp«a= 

1UkJ>1U»^AL  CUNS1AM1,  n  = 
IX  IAOUU1  INPUT  AXIS)* 
It  (AouUl  Input  Axlbj= 
ixt  lAbuui  Input  axis)= 


. l vbt «ul 
U. 

. 7b3t*UU 
.  1UU4U1 
.bl 3L+U1 
U, 

.bl3MUl 

.lulttUl 

1BUL4U3 

.b22t*Ul 

,221t«Ul 

,Slit4Ul 

u. 


IQWSIUNAL  CUNSTAM  BAbLU  UN  SUH 
UUT  MtLfcSSAHlLt  ACLUkATt 


*  •*  *• 


***** 

***** 


•  *•  •  • 


Y  = 


xs 


*  *  •  ■  • 
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PROPERTY  NUMBER:  1 

ELEMENT  NUMBERS:  13 

14 

15 


DESCRIPTION :  Upper  front  frame  channel  3 

4  x  2.25,  0.19  web,  0.2  9  flange,  A1  60.61-T6 


Y 
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PROPERTY  NUMBER:  l  (continued) 

CALCULATIONS: 

See  INERTIA  program  output  on  following  page. 


STRESS 

RECOVERY  POINTS 

Point 

y  z... 

C 

1.467  2.0 

D 

1.467  -2.0 

E 

-0.783  2.0 

F 

-0.783  -2.0 

OFFSET 

CBAR  Element  No. 

Z1A 

Z2A 

Z3A 

Z1B 

Z2B 

Z3B 

13 

0.0 

-1.62 

-0.783 

0.0 

-1.62 

-0. 

14 

0.  0 

-1.  62 

-0.783 

0.0 

0.  0 

-0. 

15 

0.  0 

0.  0 

-0.783 

0.  0 

0.  0 

-0. 

SHEAR  FACTORS 


„  _  2  (2.25X0.29) 

*1  "  1.95 


0.67 


4(0.19) 
2  "  1.95 


0.39 


783 

783 

783 
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*  •  •  •  • 
•  •••• 
*  •  *  •  • 
*  •  •  *  • 


I Nt  N  II* 


•«••*  bAk  PKUPtHlt  NUMbtK 

•  ••••  ULSLHiPUuk-  Pb*K  NU. 


*****  lNPUl 

•  •••«  iTPt  UU*  U  H  ill  Hi  X  Y 

*****  ktCl  U.UU  *4.00000  2.2bUUU  U.UOOUU  U.UUUUU  U.UUUOO  p, uuuuO 

•  «•••  HtCl-i.OO  i  , «2uu0  2*  UbOUO  U.OUUUO  C.OUUOU  U.UUUUU  .19000 


*LF 

V  .  UJUUu 

0  .uouuu 


«••**  UUIPUI 

*****  NU.  AkEA 

*****  1  9.UUG0Q 

•*•••  2  -7.u«b2o 

*  •  •  *  • 


•  ft  ft  •  * 
ft*  •  •  * 
ft  *  ft  ft  ft 


At 

O'UOUUU 

U.QoUUU 


YL 

1 .12bU0 
1  ,220UU 


1  A 

i.79otJb 

-2.**91«2 


IT 

12.00UU0 

•b.BbbVb 


1  A  t 

U.UuUVU 
u  .  OOUUO 


* 

Ib.lb/bu 

-9,9toSb/ 


•  •«*• 
«  *  *  •  « 
*  «  •  *  « 
•  •  •  •  « 
«  •*  •  • 
«  «*  *  • 


•  •  •  •  • 


*  •  •  •  • 


| U 1 AL  Ant  As 

. IVbt  *Ul 

ft  ft  ft  ft  • 

A  LtwfKUlU  D1S1ANLI= 

0. 

ft  ft  ft  ft  * 

Y  LEnIkuIU  UIS1Am.I  = 

,  /bit  too 

ft  ft  ft  •  ft 

IX  ( A  bUU 1  CLN1kU1U)  = 

.  lOlttUl 

ft  ft  ft  ft  • 

IT  lAtJUUl  CtNTW01U)  = 

.bl At*Ul 

•  ft  ft  ft  ft 

1XY  (  AauU  1  LtMkUll>)  = 

0. 

lhAAS 

.blit tol 

ft  ft  ft  ft  ft 

1  M  1  NS 

.  lolttoi 

ft  ft  ft  ft  ft 

ALPHAS 

lbottoi 

IUKSIUnAL  CUNSIAM,  as 

•  b22t  t  o 1 

lx  CADUUl  1 nHUI  A  X 1 S ) s 

•  22 1 1 1 U 1 

V=  0, 

ft  ft  ft  •  ft 

1Y  (Aouul  InPuT  Axlbls 

.Slifetoi 

AS  U. 

1  X  T  C  AbUU 1  1NPU1  A  A  1 S  J  S 

0. 

ft  *  •  ft  « 

TUHSlUNAL  LUNS1AM  BAbtU 

(JN  Sum 

UUl  UtLtSSAHlLY  ALtUkAIt 

•  •  *  *  * 
•  **  *  • 
•  •  *  •• 
*  •  *  •  • 
•  •  *  •  • 


«  •  •  *  • 
•  •  •  •  • 
•  •  *  •  • 
*  •  *  •  • 
•  •  *  •  * 


•  •  «  •  * 


•  •  •  •* 
•  »  •  •  • 


•  •  «  •  • 
•  *  *  *  • 
*  •  •  *  « 
«  •  •  •  * 
*  *  •  ■  « 
•  •  •  •  • 


B-7 


Aerospace  Structures 
Information  and  Analysis  Center 

PROPERTY  NUMBER:  1 

ELEMENT  NUMBERS:  33 

34 

35 


DESCRIPTION:  Cross  brace,  channel  4, 

4  x  2.25,  0.19  web,  0.29  flange,  A1  6061-T6 
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PROPERTY  NUMBER:  1  (continued) 

CALCULATIONS: 

See  INERTIA  program  output  on  following  page. 


STRESS  RECOVERY  POINTS 


Point 

y 

2 

C 

1.467 

2.0 

D 

1.467 

-2.0 

E 

-0.783 

2 . 0 

F 

-0.783 

-2.0 

OFFSET 

CBAR  Element  No. 

Z1A 

Z2A 

Z3A 

Z1B 

Z2B 

Z3B 

33 

1.40 

0.0 

0.0 

0.0 

0.0 

0.  0 

34 

0.0 

0.0 

0.0 

0.0 

0.0 

0.  0 

35 

0.0 

0.0 

0.0 

0.  0 

0.  0 

0.0 

SHEAR  FACTORS 


2 (2. 25) (0.2 9) 
1  1.95 


0.67 


4(0.19) 
2  1.  95 


0.39 
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***** 

***** 

***** 

***** 

***** 

***** 

•••«•  bAk  PKuHtHlY  NUHbfcH 

*****  UtSLHlPUUk-  PbAk  NU. 


iNLk  1] A 


•  *  •  •  • 
•  *  •  •  • 
*  *  *  •  • 
•  •  •  •  • 
*  *  •  •  • 


***** 


***** 

***** 
***** 
***** 
***** 
***** 
*  *  *  *  * 
***** 
***** 
***** 


***** 


INPUT 
1  tPt  tfU* 
ktCl  O.uu 
kECT-1.00 


b 

k.OUOOO 

i.«auoo 


UUlPUl 
NU,  AkEA 
1  9 , UUOOQ 

Z  -  7 ,  U«b<?0 


xt 

o.uquou 

O.OuUOO 


M 

dl 

Ml 

X 

2,<fbOOO 

o.ououu 

O.OUUOO 

U.UUUOO 

2,uouo0 

u.ououo 

u.ouuuo 

o  •  ouuou 

YE 

lx 

IT 

1  X  Y 

Q, OOUU0 

,J9umU 


mLF 

u.UUuOu 

O.uouuu 


1. l^bOO 
1  ,^|JU0U 


A.79otJb  12.00UUU 
-<?,99iu2  -o,bt>t>Vt> 


u.ououu 
o ,  uuuuu 


lb.lb/bu 
-9 ,9b5t>  7 


*  *  •  •  * 
***** 
•  *  *  *  • 
«  *  ft  *  * 
***** 
***** 


*  ft  *  ft  * 

iUtAL  AKtA= 

.  1  9bt  *1/1 

***** 

*  LtNlKUlU  UlSlANLt= 

0, 

*  •  •  *  * 

***** 

T  CtNlKUlU  U 1 S 1 ANt  t  2 

.  7d ALtoO 

•  *  •  •  • 

***** 

IX  lAduUT  CtNI«UlD)= 

*  1 0  It  +  0  1 

***** 

IT  (AbUUl  LtNlkUlU)= 

.bl At+Ol 

•  *  *  *  * 

1  X  T  (  AouU  1  CtMkUlU)  = 

0, 

*  *  *  ft  * 

1  *A  XX 

,bl At  *0  1 

***** 

1M1N  = 

, lulL*01 

•  •  •  •  • 

•  *  *  ** 

AtHrtAx 

ibut*oA 

***** 

*  *  ft  *  * 

IUKSIUnAL  CONSTANT*  *  = 

,b*!i»t*ui 

***** 

ft  *  *  *  * 

lx  c Aouu T  Input  axisi= 

.22U401 

Y=  0, 

***** 

***** 

it  (About  Input  axisi= 

,Sl Afc^Ol 

XX  u  • 

*  •  ••  • 

1 x t  (abuuI  Input  ax1S)  = 

0. 

***** 
***** 
***** 
*  *  *  *  * 
***** 
*  *  *  *  * 
***** 
***** 
•  *  *  *• 
•  •  *  *  • 
***** 


***** 
***** 
***** 
***** 
•  •  *  ** 
***** 
***** 
***** 
***** 


TUKSIUNAL  LUNS1AM  bAbtU  UN  SUM 
NUT  NtLtSSAKlLt  ALLUkAlt 


***** 
*  *  *  •  • 
*  *  *  *  * 
*  •  •  •  * 
•  •  •  *  • 
***** 
*  *  *  •  • 
*  «  •  *  * 
*  •  •  •  • 
*  •  *  ** 
•  •  *  *  * 
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PROPERTY  NUMBER:  1 

ELEMENT  NUMBERS:  36 

38 

39 
41 


DESCRIPTION :  Upper  console  support  channel  5 

4  x  2.25,  0.19  web,  0.29  flange,  A16061-T6 
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PROPERTY  NUMBER:  1  (continued) 

CALCULATIONS: 

See  INERTIA  program  output  on  following  page. 


STRESS 

RECOVERY 

POINTS 

Point 

y 

z 

C 

1.467 

2.0 

D 

1.467 

o 

CN 

1 

E 

-0.783 

2.  0 

F 

-0.783 

-2 . 0 

OFFSET 


CBAR  Element  No. 

Z1A 

Z2A 

Z3A 

Z1B 

Z2B 

Z3B 

36,41 

0.0 

0.783 

0.  0 

0.0 

0.783 

0.0 

38 

0.0 

0.783 

0.0 

0.0 

0.  0 

0.0 

39 

o 

• 

o 

0.0 

0.  0 

0.0 

0.783 

0.  0 

SHEAR  FACTORS 


2(2.25X0.29) 
1  1.95 


0.68 


4(0.19) 
2  1.  95 


0.39 
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IHlMIt  . 


•  •  *  *  * 


***** 


bAk  pKUPtKlY  hJ*Otk 
DLSI*1PUUN-  KoAk  NU.  1 


*****  IkPUl 
*****  1 ypl  uum 

*****  HLC1  u.vu 

*****  fcltl-l.OU 


M.ULuUO 

3,<i2uu0 


H 

<>,<?SUUU 


tJl 

U. UOUOO 
U. UUUUO 


Ml 

t ,  uuuuu 

u.  uuuuu 


V.  WUUOl) 
u .  UUUUO 


U,  I'ouuO 

.  l^uuu 


AlF 

U  .  UUUUu 
0 ,  uuuuu 


*****  UUlPUl 

*****  Ml#  AHEA  At 

••*•«  1  9 , UUUUO  W.UOUOO 

*••«*  2  -7.u«bao  v.ouuuu 


YL 

1* 

1  Y 

1>Y 

* 

1  ,l«?bOU 

i.79t>tJb 

12.00U0U 

U. UUUUU 

Ib.lto/bu 

1  ,2<>UU0 

-2.991 a2 

-ti.bDbSb 

I'.OOUUO 

-9.9bSb7 

***** 


***** 

*••«* 


*  *  *** 

***** 

*****  ***** 


***** 
•  *  •  •  • 
***** 
***** 


***** 


***•  * 


•  *  *  *  * 


lUtAL  AHtAs 
*  LtwlHUlU  UlbUNtt  = 

Y  LtNlkUlU  UlSMNLt* 

IX  (AbUUl  CLM  *Ul U) £ 

1Y  (AtJUUl  LtNl«U10)s 

iXY  (AoUUl  Ltk!kUlU)= 

1*AA  = 

iMlNS 

ALPHAS 

IUHSIUhAL  CUNblAM,  *  = 
1*  (AoOUl  IhPUI  AaJSJs 
IT  (  A  dUU 1  InPuI  A  X 1 b J  = 
1XY  (AttUUl  INPUT  A  X 1 S ) s 


. lWbt  *Ul 

.  ?  0  it  *  U  0 
.1UU4U1 
,bl3L*01 
u. 

,blM«Ul 

,lulL+01 

I«ut*u3 

,*<?lt<*ui 

.Slit  4U1 


lUkSlUNAL  LUNS1AM  bAbLU  UN  SUM 
i,Ul  ULLt 5S AhIl  Y  ALLUkAU 


«•*  *« 
***** 
***** 
***** 
***** 
***** 
***** 
***** 
***** 
***** 


•  *  *  *  * 
•  •  •  •  • 


*  *  *  *  • 
•  *  •  »  • 


B-13 


Aerospace  Structures 
Information  and  Analysis  Center 


PROPERTY  NUMBER:  1 

ELEMENT  NUMBERS:  42 

44 

45 
47 


DESCRIPTION :  Lower  console  support,  channel  5 

4  x  2.25,  0.19  web,  0.29  flange,  A1  6061-T6 


B-14 


Aerospace  Structures 
Information  and  Analysis  Center 


PROPERTY  NUMBER:  1  (continued) 

CALCULATIONS: 

See  INERTIA  program  output  on  following  page. 
STRESS  RECOVERY  POINTS 


Point 

y 

z 

C 

1.467 

2.0 

D 

1.467 

-2.0 

E 

-0.783 

2.0 

F 

-0.783 

-2.0 

OFFSET 

CBAR  Element  No. 

Z1A 

Z2A 

Z3A 

Z1B 

Z2B 

Z3B 

42 

0.0 

0.0 

Q.  0 

0.  0 

0.  0 

-0.783 

44 

o 

♦ 

o 

-0.783 

0.  0 

0.  0 

0.0 

0.  0 

45 

0.0 

0.0 

0.0 

0.  0 

-0.783 

0.  0 

47 

0.0 

-0.783 

0.  0 

0.0 

0.  0 

0.0 

SHEAR  FACTORS 


2C2. 25) (0.29) 
1  "  1.95 


0.67 


4(0.19) 
2  '  1.95 


0.39 


B-15 


Aerospace  Structures 
Information  and  Analysis  Center 


•  •  *  *  * 
***** 
•  *  •  •  * 
*  *  •  •  • 


]NUI]* 


*****  bAk  PHUHtKlt  NUMbtK 

*•••«  ULSlKlHUUN-  HbAk  UU.  1 


*  *«** 
***** 
***** 

•  *  *  *  • 
***** 
***** 
*  *  *  *  * 


1KFU1 

1  1  PL  1>U*  « 

HLC1  9,UU  «.OUOOO 
fcltl-l.UU  3,<^UU0 


n 

2.<fbUUU 
2, UO9U0 


ril  HI 

U.UbUUU  L.UUUUU 

u.uuuuo  u.uuuou 


A 

U.UUUOC 

U.UUUOU 


1 

u. ouuuo 
. 1 vuuo 


«IF 

U.UUUtiU 

O.UOUUU 


UUlPUl 

NU,  AKt A  AL  1L 

1  9,  OUUOO  U.UUUUV  J,12bUU 

2  -7,U«b20  u.ouuuo  1 ,ddv\W 


1*  It  l>t  n 

3,79t>tJb  12.00OUU  O.uuuuu  Ib.lb/bu 

-^.*491*42  -o.bc>t>9t>  v.oouuU  -9.9t>bo7 


***** 


•  *  *  *  * 


*  *«  ** 


*  **  ** 


*  ** 


*  *  •  •  • 
*  *  *  *  * 

*  *  *  •  • 


*  *  *  *  • 


*  •*** 


***** 
***** 
***** 
*••  ** 


IU1AL  AKtAs 
X  LtHlKUlU  UlblANtt= 
t  CtMKUlU  UlS1ANLi  = 
lx  (  A  buU  1  CLM*U1D)  = 

It  ( A  tiUUl  LtNlKUlU)* 

1X1  (AbUU!  LLMPU1U)S 

l*A*s 

1M1NS 

ALPHAS 

IUKSIuhAL  CONSUMi  k  = 
IX  (ADUU1  1 NPUl  Axlb)= 
It  (Aeuul  InPuI  Axlbl= 

1 X  t  lAbUUl  1NPU1  AX1S)  = 


. ivbt^ul 

t). 

, 7e3L*uo 

,bl AL*U1 

U. 

,blit  *01 
,1UIL*01 
lbUL*U3 
,b22t*Ol 
.221L4U1 

9. 


lUPSlUNAt  LUNS1AM  bAbtU  U*  SUH 
UU1  NtLtSSAhlLt  ALLUKAU 


**•  *• 


***** 

***** 

***** 

***** 

***** 

***** 

***** 

***** 


•  *•** 


•  •  •  •* 


Aerospace  Structures 
Information  and  Analysis  Center 


PROPERTY  NUMBER:  l 

ELEMENT  NUMBERS:  49 

50 

51 


DESCRIPTION :  Lower  back  frame  channel  3 

4  x  2.25,  0.19  web,  0.29  flange,  A1  6061-T6 


B-17 


Aerospace  Structures 
Information  and  Analysis  Center 


PROPERTY  NUMBER:  1  (continued) 

CALCULATIONS: 

See  INERTIA  program  output  on  following  page. 


STRESS  RECOVERY  POINTS 
Po  int  y  _ z 


c 

1.467 

2.0 

D 

1.467 

O 

• 

CS1 

l 

E 

-0.783 

O 

CM 

F 

-0.783 

-2.0 

OFFSET 


CBAR  Element  No. 

Z1A 

Z2A 

Z3A 

Z1B 

Z2B 

Z3B 

49 

0.  0 

1.  62 

0.783 

0.0 

1.62 

0.783 

50 

0.0 

1.62 

0.783 

0.0 

0,0 

0.783 

51 

0.  0 

o 

• 

o 

0.783 

0.  0 

0.0 

0.  0 

SHEAR  FACTORS 


2C2.25M0.29) 
1  1.95 


0.  67 


v  _  4(0.19) 
*2 - 1795 


0.39 


B-18 


Aerospace  Structures 
Information  and  Analysis  Center 


•  *  •  •  * 


iNtk  W» 


bAk  PKUHtHlY  NUHbtk 
UtSlklHUUN-  PbAk  NU.  1 


*****  lMPUl 
*****  ItPt  UU« 

*****  HtCl  U,UV 

*****  HtCT-l.OU 


tt 

M.OUOUO 

3,«2uu0 


H 

ij.^buuu 
d  ,  UDUUU 


til 

O.UUUOO 

u,  uuuuo 


Ml 

b .  ouuoo 
u.ououo 


u  .  VUOOO 
U.UUUOU 


g,guuuO 

.IVUVU 


*LF 

W.OUOUU 

O.oouuu 


*****  UUlPUl 

*****  MU.  AkEA  At  tt  1A  It  1XY  * 

*****  1  9 ,  UUOOO  U.UOUOO  X.UbOO  i.79o«b  U.OOOOU  O.UuUuu  Ib.lb/bO 

*****  a  -7. 04b£0  O.OUUOU  X.<?<?UUU  -o#BbtoVb  v.Ouuub  -9.9oSt>7 


***** 


***** 

***** 

***** 

***** 


I U 1  A t  AHtAs 
A  LtNlHUlU  UlblAMtt= 
t  LLNlHUlU  UiSlAMLt= 

IX  (AbUUl  CLNlHUlt>)  = 
n  lAbUUl  ttMtHUlU)= 

1 A  T  tAoulll  CtMlkUlU)  = 
1MAAS 
1  M  1  N  S 
ALPHAS 

lUKSiUuAL  CUMS1AM,  *  = 

1  A  ( AaUU 1  InPUI  A  a ] S J  s 
It  IAdUUI  InPuI  Axlb)= 

X  A  f  XAbUUl  X  MPUl  AA1S)  = 


, 1 vbt ♦ u  l 
0. 

.  7  o  it  ♦  u  0 

•  10U401 
.blit+Ul 

u. 

.bl it  +u 1 

•  lult*01 
ItfUttOi 

.<?<;it40l 

.Slit  *ui 

u. 


lUkSlUMAL  tUNSI  AM  bAbtb  UN  SUH 
UU1  UtttSSAHlur  ALLUkAIL 


*  *•  *  * 
***** 
***** 
***** 


•  *  •  •  • 


B-19 


Aerospace  Structures 
Information  and  Analysis  Center 

PROPERTY  NUMBER:  1 

ELEMENT  NUMBERS:  53 

54 

55 


DESCRIPTION :  Upper  back  frame  channel  3 

4  x  2.25,  .19  web,  .29  flange,  A1  6061-T6 


B-20 


Aerospace  Structures 
Information  and  Analysis  Center 


PROPERTY  NUMBER:  1  (continued) 

CALCULATIONS: 

See  INERTIA  program  output  on  following  page. 


STRESS  RECOVERY  POINTS 
Point  y  _ z 


c 

1.467 

2.0 

D 

1.467 

o 

CM 

1 

E 

-0.783 

2.0 

F 

-0.783 

-2.0 

OFFSET 


CBAR  Element  No. 

Z1A 

Z2A 

Z3A 

Z1B 

Z2B 

Z3B 

53 

0.  0 

1 

H 

• 

cn 

ro 

0.  783 

0.  0 

-1.62 

0.783 

54 

0.  0 

-1.62 

0.783 

0.  0 

0.0 

0.783 

55 

0.0 

0.0 

0.  783 

0.  0 

0.  0 

0.0 

SHEAR  FACTORS 

2(2.25) C0.29) 
*1  ”  1.95 


0.  67 


4(0.19) 

1.95 


0.39 


Aerospace  Structures 
Information  and  Analysis  Center 


•  *  ft  *  * 

•  *  •  *  * 
•  *  *  *  * 
***** 
•  *  *  *  * 


mwii*  ••••• 


*****  bAh  pKUPtKlV  NUMbtH 

*****  UtSlHlPtlUN*  PbAH  NU •  1 


***** 


INPUT 
T  YPt  UUH 
HLC1  0,00 
KLCT-l.OU 

UUlPUf 
NU.  AHEA 
X  9.0U0U0 
£  W.U«b2Q 


U 

4.00000 

i.uauuo 


H 

^.*^bUUU 

<?.Ut>OO0 


dl 

u.uuuuo 
u.  ouuuo 


HI 

o.ouuoo 

U. OUUOO 


U.UUOOO 

o.oouoo 


0,0 ouuO 
.IVowU 


MLT 

U.OUUOU 

O.OOUOO 


XC  tL  IX  IT 

0,00000  l.ldbOO  i.79oeb  l^.UOuUU 

U.OoUOU  l.^UUO  -<£,49142  -to.bbbVto 


lXt  A 

u.uuuuu  1 b. 1 b  7bu 
U.OOuuO  -9,9bSt>7 


*  *  *  *  * 
*  *  *  *  * 


***** 


IuIAL  AKt*= 

. 1 Vbt  *u 1 

*  *  *  *  * 

X  LLft  T  HU 1 0  D 1 S 1 ANtt s 

u. 

•  *  *  *  • 

t  CtNlNUlU  UlSMNtt  = 

.  ?  0  it  ♦  0  0 

IX  lAbUU!  CLN1kU1U)= 

.  lult*oi 

***** 

It  lAdUUl  CtNTKUlU)= 

. b 1  it  tO  1 

IXt  (AduUI  CthlkUlU)= 

0. 

1HAXS 

.bl it  *u 1 

***** 

1  M  1 N  — 

.  lolt  +  Ol 

***** 

AlP«Ax 

leottoi 

TUHSiUrtAL  CUNS1ANW  *  = 

,b<f<?t*ui 

***** 

IX  (AbUUl  InPUT  Axlb)= 

%t£\ t401 

***** 

It  lAouuT  Input  Axlb)= 

,Slifc*oi 

***** 

lxt  lAbUUl  INPUT  AXIS)- 

0. 

TOPS  1 UNA L  CUNSTANT  bAbtU 

UN  Sum 

*****  MJT  UtLtSSAKlLt  ALLUWATt 


•  *  *  •  • 


***** 
*  *  *  *  • 


***** 
***** 
***** 
***** 
***** 
***** 
***** 
*  *  *  *  * 
*  *  *  *  * 


***** 


***** 
«  •  •  *  * 
***** 
***** 
*  *  *  •  ■ 
***** 


B-22 


Aerospace  Structures 
Information  and  Analysis  Center 


PROPERTY  NUMBER:  1 

ELEMENT  NUMBERS:  56 

57 


DESCRIPTION :  Diagonal  cross  brace  at  the  top,  channel  6 
4  x  2.25,  0.19  web,  0.29  flange,  A1  6061-T6 


B-23 


Aerospace  Structures 
Information  and  Analysis  Center 


PROPERTY  NUMBER: 

1  (continued) 

CALCULATIONS: 

See  INERTIA 

program 

output  on  following 

STRESS 

RECOVERY 

POINTS 

Point 

y 

z 

C 

1.467 

2.0 

D 

1.467 

-2.0 

E 

-0.783 

2.0 

F 

-0.783 

-2.0 

OFFSET 


CBAR  Element  No. 

Z1A 

Z2A 

Z3A 

Z1B 

Z2B 

Z3B 

56 

0.0 

0.  930 

0.  0 

-5.0 

-0.40 

CM 

00 

O 

1 

57 

0.  0 

0. 930 

0.  0 

-5. 0 

1 

o 

• 

-r 

o 

0.82 

SHEAR  FACTORS 

2  (2 . 25) ( 0. 2  9)  _  0  67 
1.95 

4(0.19)  _  n  3 q 


B-  24 


Aerospace  Structures 
Information  and  Analysis  Center 


*  *  *  *  * 

•  *  *  *  * 

1 Nt  X  1  1  A 

***** 

***** 

***** 

***** 

***** 

***** 

***** 

bAk  PXUFtHir 

NUMbtK 

***** 

DtSlKlPl I UN* 

PbAk  NU.  I 

*  *  *  *  * 

*  •  •  •  • 

***** 

lhPUl 

•  *  *  *  * 

***** 

1  YPL  UUM 

d  h  tJl  HI 

X 

Y  ALF 

***** 

***** 

ktU  U.UU  4 

.ouooo  2.2buuv  u.uuuoo  o.uuuuu  v 

.  UUUOQ  0 

.UUUUO  U.UUUUU 

***** 

XEXT-i.OU  3 

»4£vu0  a . U60UO  o.uuuuu  o.uuuuu  u 

.UUUUU 

. 1 9UU  U  O.UUUUU 

***** 

OUTPUT 

***** 

***** 

NU •  AHEA 

xc  Y  L  1  x  1  Y 

1  X  Y 

A 

***** 

1  9.UUOOQ 

U.UQOUU  1.1  2bU0  i.79o«b  12.U00UU 

u .uuUuo 

Ib.ltWbu 

***** 

***** 

2  -7.U«b20 

U.OuUUU  1.22UUU  -<?.49ja2  -o.hbbYb 

U .u uuuU 

-9.9obe/ 

*  •  •  •  • 

***** 

***** 

***** 

•  *  *  *  * 

***** 

***** 

•  *  *  ft  * 

***** 

***** 

***** 

***** 

***** 

***** 

***** 

***** 

***** 

***** 

***** 

***** 

•  *  *  *  * 

lUlAL  A*tA= 

. 19bk+ul 

***** 

*  ttNlWUlU  UlSlANLt= 

u. 

***** 

Y  LtNlKUlO  L»ISlANLt  = 

.7e3t*UO 

***** 

IX  (AbUUJ  CLN|rtUlU)  = 

.  lUlt'Ul 

***** 

it  1 AtiUU 1  CtNlKUlU)= 

.bl 3L*01 

*  ft  •  •  « 

1XY  (AbUUl  LtNH<UlU)  = 

u. 

***** 

1NAXS 

.blit tul 

***** 

1  m1n  = 

•lUlttOl 

***** 

AlP«A= 

lttuttui 

*  *  *  *  * 

IUHSIUnAL  CUNSJANJ#  k  = 

,b22t«Ul 

***** 

IX  lAoUUl  INPU1  A  X 1 S ) - 

,221t*01 

***** 

1y  (Aouul  Input  Axjbj= 

.Slifc+ui 

***** 

1 X  T  (AbUUJ  iftiPUl  AXlS)  = 

U. 

***** 

TUPSIUUAL  CUNSTAM  bAbtU 

UN  Sum 

»»•«»  UU1  UtLt SS Ah  1 L  T  ACLUhAJt 

•  •  *  •  * 

***** 


***** 


»  •  •  •  • 
*  *  *  *  • 
•  *  *  *  * 
*  *  *  *  * 
*«  *  *  * 


***** 

*1*1* 


*  *  *  *  * 


***** 


Aerospace  Structures 
Information  and  Analysis  Center 

PROPERTY  NUMBER:  2 

ELEMENT  NUMBERS:  4 

6 

7 

8 
9 

10 

11 

12 


DESCRIPTION:  Vertical  channel  2  at  the  front 

5  x  2.75,  0.19  web,  0.32  flange,  A1  6061-T6 


B-  26 


Aerospace  Structures 
Information  and  Analysis  Center 


PROPERTY  NUMBER:  2  (.continued) 

CALCULATIONS: 

See  INERTIA  program  output  on  following  page. 

\ 

STRESS  RECOVERY  POINTS 


Point 

y 

z 

C 

1.785 

2.5 

D 

1.785 

-2.5 

E 

-0.965 

2.5 

F 

-0.965 

-2.5 

OFFSET 

CBAR  Element  No. 

Z1A 

Z2A 

Z3A 

Z1B 

Z2B 

Z3B 

4 

-2.50 

-0.38 

-0. 965 

0.  0 

0.0 

0.0 

6 

0.  0 

0.  0 

0.  0 

-2.50 

0.0 

-0. 965 

7 

-2.50 

0.0 

-0. 965 

0.  0 

0.0 

0.0 

8 

0.  0 

0.0 

0.  0 

0.0 

0.0 

-0. 965 

9 

0.  0 

0.0 

-0. 965 

0.0 

0.0 

0.0 

10 

0.0 

0.  0 

0.  0 

-2.50 

0.0 

-0. 965 

11 

-2.50 

0.  0 

-0.965 

.-2.50 

0.0 

-0. 965 

12 

-2.50 

0.0 

-0. 965 

-2.50 

0.0 

-0. 965 

SHEAR  FACTORS 

2(2.75X0.32) 

=  0.68 

K1  "  .2.59 

5(0.19) 
z  2.5  9 

=  0.37 

B-27 


Aerospace  Structures 
Information  and  Analysis  Center 


*••••  l**tM  i*  ***** 


*****  BAK  PKUHtKlf  NUHbLH 

*****  utscKXPi iun-  pbak  nu.  2 


*****  INPUT 

*****  IfPt  UUH  B  H  ai  Hi  X  f  ALF 

*****  Htct  0,00  b.OOOUO  2,/bOOO  0,00000  U.OUOUU  O.OOuUQ  0,00000  U, 00000 
*****  ktCT-1.00  4  •  ibOOO  2.bbO0U  0.00000  U.OOOOO  0,00000  ,  1V000  o.uoouo 


UUlPUT 


NU.  Akt A 

XC 

tt 

lx 

IV 

jxr 

IS 

1  1 i . 7bOOO 

0,00000 

l.3/buu 

d  ,c>oS3b 

2tt.b4b03 

U.OOOOO 

3*4  .  bo  1  4b 

2-11.161*0 

0,00000 

1.4/000 

-b.0Vb7<? 

-1  7.bbl4e> 

U.OOOOO 

-2u.3B2bN 

***** 


*  *  •  •  • 


•  *  •  *  • 
•  «  •  •  * 
•  *  *  *  • 
•  *  *  *  * 
*  *  *  *  • 


***** 


•  *  *  *  * 


***** 
***** 
***** 
***** 
***** 
*  *  *  *  * 
•  *  *  *  * 


*  *  «  •  » 

IUIAI  Akt A* 

,2bYt*0l 

*  »  ,  *  • 

*  *  *  •  • 

X  CLNlkUlL)  OlblANtt  = 

0, 

***** 

***** 

V  LLUlkuIU  Ull>!AM_t  = 

,Nc>bt*UO 

***** 

*«*  *  * 

i*  (Aouul  LtNIKUlU)x 

.2U4t*0l 

•  *  *  *  * 

***** 

IV  iAhuuT  CtnlKUlU)= 

. 1 1 ot +02 

***** 

***** 

1  X  f  tAOUUl  Uf4lKUlU)  = 

0. 

***** 

***** 

lHAxs 

,  1 10t*02 

***** 

***** 

IK  INS 

»  20  3t  1 0 1 

***** 

***** 

alphas 

1  0  OL ♦ u  3 

***** 

***** 

JUkbluuAL  LUNSIANTr  hx 

.  10 3t*02 

***** 

***** 

IX  (AOUUT  INPUT  AX1SJX 

.44bt*0l 

T=  0. 

***** 

***** 

lv  i Aouul  Input  axis)= 

•  1 1 0 1 1 02 

X=  0. 

***** 

***** 

***** 

Jay  ( At>uu !  Input  axis)  = 

0. 

***** 

***** 

***** 

TUKSIUhAL  CUNSTANT  BASLU 

UN  SUM 

***** 

***** 

NUT  NtCtbSAKlLV  ACCUKAU 

*  *  *  *  * 

***** 


*  *  *  *  * 


*  *  *  *  • 
***** 
***** 
*  *  *  *  * 
*  •  «  •  • 
**•  •• 


*  *  *  *  * 
***** 
***** 


***** 
*  *  *  *  • 


***** 


B-28 


Aerospace  Structures 
Information  and  Analysis  Center 


PROPERTY  NUMBER:  2 

ELEMENT  NUMBERS:  16 

17 

18 

19 

20 


DESCRIPTION: 


Base  channel  2 

5  x  2.75,  0.19  web,  0.32  flange,  A1  6061-T6 


B-29 


Aerospace  Structures 
Information  and  Analysis  Center 


PROPERTY  NUMBER:  2  (continued) 


CALCULATIONS: 

See  INERTIA  program  output  on  following  page. 


STRESS 

RECOVERY 

POINTS 

Point 

y 

z 

C 

1.785 

2.5 

D 

1.785 

-2 . 5 

E 

-0. 965 

2 . 5 

F 

-0.965 

-2.5 

OFFSET 


CBAR  Element  No. 

Z1A 

Z2A 

Z3A 

Z1B 

Z2B 

16,17,18,19,20 

-2.50 

0.59 

0.0 

-2.50 

0.59 

SHEAR  FACTORS 


„  _  2  (2.75X0.32) 

K1  "  2.59 


0.68 


5(0.19) 
2  '  2.59 


0.37 


Z3B 


0.0 


B-  30 


Aerospace  Structures 
Information  and  Analysis  Center 


i  *•  i  j  * 


DAN  PKUPlkll  NUMbLK 
UtStklPl IUn-  Pt***  NU. 


JhPUt 

1  YPt  L)UM  b  H  B1  HI 

PtCl  0.00  b. 00000  2  . /bUOU  O.UUOUU  0.00000 

ktLT-)»O0  O.ibUOO  2 . bbUUU  0.00000  O.OOUUO 


0. OUuOO 
O.UUOOO 


O.OOUOU 

, J  Vuuu 


ALF 

o. uuuuu 

O.OOUUO 


UUlPUl 
MJ.  AkfcA 

1  li.7buuO 
2-11.10100 


Xt  ft  1*  1  Y 

0,00000  l. i/boo  b.oobjb  PB.b^bbi 
0.00000  l.o/ooo  -t>.uvs?2  -l?.t)blnt> 


1  XT  n 

o.ooUOo  3*J,bol<Jt> 
u.ooooo  -2«,5<j2bv 


•  *  *  *  * 

lUlAl  AkLA= 

.<?bVl*ui 

*  •  •  •  • 

*  •  •  •* 

A  Lt  Ml  KUl  l)  DlblAKLl  = 

0. 

•  *•*• 

Y  tLklkulU  OlblANLtc 

.NbbLtUO 

***** 

JA  (Ad  UU 1  tlhlWUlU)* 

.AfOit  *01 

***** 

JY  (AbUUl  Ct»*l«UlU)  = 

•  1  1  UL  4  02 

***** 

1 A  Y  lAoUUl  tlNlKUlU)* 

0. 

***** 

JOA  AS 

.11 UL  402 

*  *  •  •  . 

***** 

1*1  N  = 

*2Uit  *0  1 

***** 

AirnAs 

- • 1 bOL+u3 

lUKblunAL  tuns  1  AM,  k  = 

.  1  0  it  4  02 

***** 

1A  (AOUUl  1NPU1  AX1S)= 

. ««bt 401 

t=  o. 

***** 

1  y  iaouuI  Input  axisj= 

•  1  1  Ut4U2 

x=  0. 

***** 

1  A  Y  t AduU 1  INPUT  AXlS)  = 

u. 

***** 

***** 

***** 

lUPblUnAL  CUNblANl  tJAStU 

UN  SUM 

***** 

NUl  NtCtbSAKlLY  ACIUKAU 

•  •  •  •  • 

***** 

•  •  •  •  • 

*  *  *  *  * 

***** 

•  *  *  •  • 

•  *  •  •  • 

*  *  •  •  • 

***** 

*•  *•• 

•  •  •  •  « 

***** 

»  •  •  •  • 

***** 

*  *  *  «  • 

*  ft  •  *  * 

•  * «  ** 

***** 

***** 

***** 

***** 

***** 

***** 

***** 

***** 

'•***• 

" 

... 

•  *  •  *  * 

•  ••  •• 

***** 

*  *  •  •  • 

•  •  •  •  • 

***** 

B-  31 


Aerospace  Structures 
Information  and  Analysis  Center 

PROPERTY  NUMBER:  2 

ELEMENT  NUMBERS: 

21 

23 

24 

25 

26 

27 

28 
29 


DESCRIPTION :  Vertical  channel  2  at  the  back 

5  x  2.75,  0.19  web,  0.32  flange,  A1  6061-T6 


B-  32 


Aerospace  Structures 
Information  and  Analysis  Center 


PROPERTY  NUMBER:  2  (continued) 

CALCULATIONS: 

See  INERTIA  program  output  on  following  page. 


STRESS 

RECOVERY 

POINTS 

Point 

y 

z 

C 

1.785 

2.5 

D 

1.785 

-2.5 

E 

-0. 965 

2.5 

F 

-0.965 

-2.5 

OFFSET 


CBAR  Element  No. 

Z1A 

Z2A 

Z3A 

Z1B 

Z2B 

Z3B 

21 

-2.50 

-0.38 

0.  965 

0.0 

0.0 

0.0 

23 

0.  0 

0.0 

0.0 

-2.50 

0.0 

0.  965 

24 

-2.50 

0.  0 

0.  965 

0.0 

0.0 

0.  0 

25 

0.0 

0.0 

0.0 

0.0 

0.0 

0.965 

26 

0.  0 

0.0 

0.  965 

0.0 

0.0 

0.0 

27 

0.0 

0.  0 

0.0 

-2.50 

0.  0 

0.  965 

28 

-2.50 

0.  0 

0.  965 

-2.5  0 

0.0 

0.  965 

29 

-2.50 

0.  0 

0.  965 

-2.50 

0.38 

0.965 

SHEAR  FACTORS 


2(2. 75) (0. 32) 
1  "  2.59 


0.68 


5(0.19) 
2  '  2.59 


0.  37 


B-  33 


Aerospace  Structures 
Information  and  Analysis  Center 


HtHl*  . 


***** 

b  Ah  PMUHLNIt  NUMbtN 

•  *  *  •  • 

***** 

***** 

L>t5CkiP!  IU*-  Hb AN  NU.  t 

***** 

*  *  *  •  • 

*****  ft 

***** 

*•*••»• 

*  •  •  •  • 

lNHUl 

***** 

***** 

?  tFt  UUH  b  H 

bl 

HI 

X 

1 

ALF 

***** 

* 

***** 

HtCl  0,00  b, OOOOO  2,/bOQO 

o.uuouu 

O.UUOUU 

o.uuuuO 

0. UuuOU 

u. ooooo 

ft  «  •  •  • 

*  *  *  ft  * 

ktCT-1.00  A.ibOOO  2,bbU0U 

u. ooooo 

0.  ooooo 

O.UUOUU 

. 1 vuuu 

0,  ooooo 

•  •  ■  •  • 

***** 

***** 

*  •  ft  *  • 

UUlHUT 

•  *  •  •  • 

•  *  •  •  • 

NU.  AktA  XC  Tt 

lx 

It 

1  XT 

N 

***** 

***** 


1  14.7t>uu0 

2-n.ibibo 


o.uuouu 

O.uuuuo 


1 . i  / buu  b.ooSJto  2«.bMbOi 

1. <4)000  -b.UVb72  -17.bbl«b 


U.UUUOU  3u.t»ol«6 

o.uuouu 


*  *  *  *  * 
***** 
***** 
***** 
***** 
ft  *  *  *  * 


***** 

•  *  *  *  • 

***** 

UjIal  AkLAs 

.2bwt«01 

*  *  *  •  • 

*  CL  x  1  kill  D  0  1  S  1  ANL  t  - 

o. 

***** 

T  Lt N | H  u I U  DlSlANLt5 

,*bbt too 

***** 

1*  (Aouul  LLNINU1U)= 

.cu  it tui 

***** 

It  (AnuUT  CtulHUlU)= 

. 1 1 UttOcf 

***** 

1 x f  (Auuul  CtNlKUlU)5 

0. 

***** 

1*AX  = 

•  1 1 Ot +Vd 

irlt*- 

,2uittul 

ALNnAs 

- .  lbUtftUi 

***** 

IUKSIunAL  LUNS1  AM  f  ns 

.  lUitt02 

***** 

lx  (Aouul  INFU?  AXIS)5 

.uubhtol  T-  0. 

***** 

***** 

lt  (Aouul  lNNUl  AxlS)= 

•  1 1 Ut t U2  xs  0. 

***** 

***** 

1 X  T  (Aouul  lNHUl  AX1S)  = 

0. 

*  *  *  *  • 

***** 

***** 

IUKSIuhAL  CUNS1AM  BAStU 

UN  SUM 

HUT  NtCtSSANlLt  ACCUHAU 

***** 

***** 

***** 

•  *  *  *  • 

***** 

***** 

***** 

***** 

*  *  *  •  • 

***** 

***** 

***** 

***** 

***** 

***** 

•  *  *  *  * 

***** 

***** 

*.*«** 

***** 

***** 

***** 

_ 

•  *  *  •  • 

•  *  *  •  • 

B-  34 


Aerospace  Structures 
Information  and  Analysis  Center 


PROPERTY  NUMBER:  2 

ELEMENT  NUMBERS:  30 

31 

32 
62 
63 


DESCRIPTION:  Top  channel  2, 

5  x  2.75,  0.19  web,  0.32  flange,  A1  6061-T6 


B-  35 


Aerospace  Structures 
Information  and  Analysis  Center 


PROPERTY  NUMBER:  2  (continued) 

CALCULATIONS: 

See  INERTIA  program  output  on  following  page. 
STRESS  RECOVERY  POINTS 

y  2 

1.785  2.5 

1.785  -2.5 

0.965  2.5 

0.965  -2.5 


Point 

C 

D 

E 

F 


OFFSET 

CBAR  Element  No.  Z1A  Z2A 

30,31,32,62,63  -2.50  -0.59 


Z3A  Z1B  Z2B 


0.0  -2.50  -0.59 


SHEAR  FACTORS 


2  (2.75X0.32  ) 
K1  "  2.59 


0.  68 


5(0.19) 
2  2.59 


=  0.37 


Z3B 


0.  0 


B-  36 


Aerospace  Structures 
Information  and  Analysis  Center 


***** 
•  •  *  •  * 


1  M  ]  A  . 


*  *  *  •  « 
•  *  *  •  * 


bAk  PXUHlKll  NUMbt* 
UtStklPlldU-  HbAk  NU.  2 


•  «  *  *  * 


JNPUI 

***** 

1 VPt  OUM 

b 

H 

bl 

KtCl  to. 00 

S.toOUOO 

2,  /StoOO 

to.uuuuu 

***** 

ktu-l.oo 

to. ibtoOO 

2,SbU0to 

u. uouuu 

*****  UUlPUT 
*****  KU «  AktA 

*****  l  13.7SUU0 

*****  2-ll.ltoltoO 


Ml 

X 

r  alf 

,UUOUU  u 

.UOtotoO  to 

v  toOwOto  u , uutouu 

,uDuuu  u 

.  UUOUO 

.ivuuu  to.uuooto 

IV 

jxr 

* 

2tt.to«baS 

w. ouuuu 

3m .tool  too 

- 1 7 , tob] ub 

to , uututo 

-2to.3a*’bV 

KC 

u. uuuou 
0, uuuuu 


Tt 

1 , 3 fb ou 
1 ,n  ?ouo 


lx 

to , ooS3t> 
-to.toVS7<? 


***** 
*  **  ** 


*  *  *  *  * 


***** 


***** 

ium  AktA= 

,2SVt4tol 

*  *  *  *  • 

*  LL*lkUlP  DlSlAt*U  = 

u. 

•  *  *  * « 

***** 

Y  ttUlkulU  0 1  S  1  AM.t  c 

, Vbbt ♦ too 

• .  *  •  • 

***** 

i*  (  aduu  1  LLWIKUIUS 

,CUit40l 

•  •  •  •  • 

***** 

JY  lAtoUUl  LtwlHUlU)= 

.  1  1  Ul 4  02 

•  *  •  •  • 

***** 

Jay  IAUUU1  LLUlkUlD)* 

u. 

•  •  •  •  • 

***** 

JK,A*  = 

.  1 )  tot  *1)2 

*  •  •  * » 

***** 

1^]N  = 

•  2U3t  4  U 1 

•  *  *  •  • 

***** 

ALknAs 

- . 1 bUL4to3 

• « •  •  • 

lUKblU‘*At  tUNSIAM,  K  = 

,  1  to it  4  02 

*  •  •  •  • 

***** 

IX  lAtJUUl  1 NHU  T  AXIS)  — 

«  to  u  St  4  U 1 

t=  to. 

*  •  •  *  • 

***** 

ll  lAtilWl  INPUT  *X]S)  = 

•  1 ) tot 4  02 

x=  o. 

• « •  •  • 

***** 

1  x v  (AduUI  IkMuI  AX)S)s 

0. 

*  ■  •  •  « 

***** 

•  •  •  *  * 

lUkblU»*AL  CUNSl  ANl  tJAStU 

UN  SUM 

*  * » *  * 

***** 

HUl  NLCtSSAKUV  ALLUKAlt 

*  •  • « • 

•  •  >  *  • 

*  *  •  •  * 

***** 

•  * « « • 

*  •  •  •  • 

***** 

*  *  *  •  • 

***** 

» * « •  * 

***** 

* « •  •  * 

•  *  •  •  • 

***** 

« « « •  • 

*  • » •  • 

•  •  •  •  « 

***** 

***** 

***** 

-■  -  - 

— 

—  -  - 

*  •  •  •  * 

•  •  •  •  • 

***** 

***** 

•  •  *  •  • 

*  • «  •  • 

***** 

*  *  •  *  * 

*  *  •  •  « 

•  *  *  *  • 

*  •  *  •  * 

*  *  *  •• 

•  •  •  «  • 

B-  37 


Aerospace  Structures 
Information  and  Analysis  Center 


PROPERTY  NUMBER:  3 

ELEMENT  NUMBERS:  58 

59 

60 
61 


DESCRIPTION:  Structural  zee  member 

4x3  1/16,  1/4,  A1  6061-T6 


Aerospace  Structures 
Information  and  Analysis  Center 


PROPERTY  NUMBER:  3  (continued) 

CALCULATIONS: 

See  INERTIA  program  output  on  following  page 


STRESS  RECOVERY  POINTS 


Point 


2.938 
-2.  938 
0.  0 
0.  0 


-2.  0 
2.0 
2.  0 
-2.0 


OFFSET 


CBAR  Element  No. 

Z1A 

Z2A 

Z3A 

Z1B 

Z2B 

Z3B 

58 

0.  0 

-4.0 

0.  0 

1.53 

2.  0 

0.0 

59 

1.53 

2.0 

0.0 

0.  0 

0.0 

0.  0 

60 

0.  0 

0.0 

0.0 

1.  53 

2.0 

0.  0 

61 

1.  53 

2.0 

0.0 

0.  0 

-4.0 

0.  0 

SHEAR  FACTORS 


2  (3.063X0.25) 
2.41 

4(0.25) 

2.41 


=  0.635 


=  0.415 


B-  39 


Aerospace  Structures 
Information  and  Analysis  Center 


JMK  I  i  * 


fc AW  pKUPLklT  HUMbt* 


*  *  *  *  * 

Lt bL^l^l lUN-  k»Ak  NU. 

i 

*  *  *  *  * 

***** 

•  *  *  *  • 

***** 

*  *  *  *  • 

***** 

lhkul 

*  *  *  *  * 

***** 

lYkt  UUM  b 

h 

to) 

HI 

A 

t 

ALf 

**  **  * 

***** 

hIL'I  t.lib  b • to  7bOU 

M  .UUUUU 

U.OUUUU 

U. UUUUU 

U, UUUUU 

0#  UUUuU 

U . UUUUU 

*  *  *  *  * 

***** 

Kttl-l.UO  3.7buuu 

d.blibi) 

U.  UUUUU 

U,  UUUUU 

«?.V3/bO 

t.  l<fbuu 

Vu . UUUUU 

•  *  *  *  * 

***** 

ktU-1.00  3.7bUUU 

*.Ol<?bU 

U. UUUUU 

0.  UUUUU 

-  •  1  c'bOU 

1  ,to7buu 

VU . UUUUU 

ft  ft  ft  ft  ft 

Ul/lFUl 

MJ. 


AktA 

AC 

YL 

J  A 

n 

bUOOO 

O. UUUUU 

uuuuu 

31.5433 3 

t>7.b*3lu 

bttbtob 

1  .  b  4 1  <?b 

c?.l<?bUl 

-*ia.3bvba 

-t>.V  b<!^ 

bUtobB 

-1 .b31*b 

1 .to/bUl 

-b.Vb*!<?V 

1  At  * 

u. uuuuu  ^b. 35433 

.UUUub  -27.bUVi« 
.uuuub  -*?7.euv]u 


•  *  *  *  * 


*  *  *  *  * 


•  *  *  *  * 


*****  ***** 

*****  ***** 


***** 

UJlAl  Akt  As 

*ui 

•  •  •  t  • 

*  L  L  N  l  h  U 1  L>  UlSlAktts 

-.«<;/  t-uv 

•  *  *  •  • 

***** 

T  LtUlHUlD  U  J  S  1  AI«tL  = 

,*uut  *ui 

*  *  *  •  • 

***** 

]*  (AOUUI  LtNlKUiDjs 

,  o^ot  ♦  u  1 

•  *  •  •  • 

***** 

JT  (ArnJUl  LlulkUiUJ* 

. w*3t«ul 

•  •  •  •  • 

***** 

j*Y  (AtiUUt  UNlhUJUJ  = 

AU4Jl*Ul 

•  •  «  •  « 

1KAAS 

•  »  *  •  • 

***** 

JM1N  = 

,  1  uvt  *U1 

*  •  •  •  • 

ALPHAS 

,37Vt«U£ 

*  •  »  »  • 

lUkblUkAL  LUNbJANl,  *  = 

.t><f  ft  <\M 

*  •  •  •  * 

***** 

1*  (AduLM  lNHUl  AA]S)= 

•  1  bVL*  Uft'  T=  U. 

*  •  »  *  » 

***** 

IT  lAtJuUl  INWUI  A  A  |  J)  )  s 

,«^4t.*Ul  A=  U. 

ft  •  *  •  • 

***** 

1*Y  CAOUUl  lUPUl  AAlb>= 

«UML*U1 

•  *  •  •  • 

***** 

*  *  *  *  * 

IUwSIUhAL  CUhSlAwl  bAbLu 

UN  2>U* 

•  «  •  *  • 

***** 

NU 1  NtCLbSAKlLt  AlLUkAU 

•  «  «  •  « 

***** 

•  •  «  •  • 

***** 

*  »  •  •  • 

*  *  *  *  • 

*  •  *  •  * 

•  •  •  •  * 

***** 

*  «  •  •  > 

ft  *  *  •  • 

***** 

•  «  •  •  • 

***** 

ft  «  *  *  • 

***** 

•  •  *  *  * 

***** 

•  «  •  •  • 

***** 

•  *  *  ft  • 

***** 

•  •  •  *  • 

***** 

•  •  *  *  ft 

•  *  *  *  * 

*  •  •  •  • 

***** 

•  *  •  •  » 

***** 

*  •  «  •  • 

•  *  •  •• 

•  •  «  «  • 

***** 

•  •  •  •  * 

*  *  *  *  • 

ft*  •  ft* 

•  •*  ** 

B-40 


Aerospace  Structures 
Information  and  Analysis  Center 


PROPERTY  NUMBER:  4 

ELEMENT  NUMBERS:  37 

40 


DESCRIPTION :  Upper  console  support  channel  5  at  isolator  attachment 
0.19  web,  0.29  flange,  A1  6061-T6 


B-41 


Aerospace  Structures 
Information  and  Analysis  Center 


PROPERTY  NUMBER:  4  (continued) 

CALCULATIONS: 

See  INERTIA  program  output  on  following  page. 


STRESS  RECOVERY  POINTS 


Po  int  _ y 


c 

1.275 

2.0 

D 

1.275 

-2.0 

E 

-0.  97  5 

2.0 

F 

-0.  975 

-2.0 

OPFSET 


CBAR  Element  No. 

Z1A 

Z2A 

Z3A 

Z1B 

Z2B 

Z3B 

37,40 

o 

♦ 

o 

0.783 

0.  0 

0.0 

0.783 

0.  0 

B-42 


Aerospace  Structures 
Information  and  Analysis  Center 


)WLM1* 


hAK  HKUPtMf 

*••••  DtSLKlFllUK-  HO**  NU#  * 


lNPUl 
lYPt  U UM 
KLU  U.OU 
KICW.UO 
KkLl-l.bO 


b  *  ol  HJ  X  t  ALf 

41.0UUU0  <Jf<?bUUU  U.UUUUU  U.OuUUU  b.UUUbb  b.l'UUJU  I.UWUVV 

3.«£UUD  <JtUbUUU  If  •  U  U  V  0  U  U.UUUUO  U.VOUUU  JVVUU  U.ouuov 

^.cfbubu  .lbuuu  b.uuuub  otuuui»u  u.uoubu  t/.ubuou  t.uuuuu 


ft  *  •  *  * 


UUlPUl 

NO. 

1  V.OO000 

^  -/.o«b£o 

3  -.«<>7b0 


XL 

u.uuuou 

u.uuuuo 

o.ouuou 


t  L 

1 . } ^bUU 
l.^UUU 
.UVbUU 


lx 

3. 7Vottfe 

-.UU129 


It 

12. uouou 

-to.bobVo 

- , 1 bu3b 


1  xt 

u.uuuuu 
b .  ouo  ub 
V  ,  ObUUO 


lb, lb/bu 
obb/ 
-  .uub  J  M 


*  *  *  *  * 
*  *  *** 
***** 
***** 
***** 
***** 
***** 


*  *  *  *  * 
***** 
***** 
***** 
*  *  *  *  * 
•  *  *  *  * 


1 U 1  A  L  AMtAS 

*  ItNlKUiU  DlblAUU  = 
t  Lt.«l*ulU  OlblXNLt* 
lx  (AdUu!  LtMkullO* 

It  (AtJUUl  Lt  N 1 KUl  LO  = 
lxt  IA0UU1  LtNlHUlOJ= 

1  KA  X  6 
1M)N* 

ALPnA  = 

lUHblU^Al  tuNbUMi  *s 
IX  IAOUU1  1NHU1  AXIS)* 
It  l AbUUl  lN^Ul  A  A  1 5 ) - 
ixt  (ABUUl  luPUl  AX  lb  1  = 


.  IbM  «ul 

0. 

.s/bL«uu 
. 7b3L*UU 
#«vbt«ul 

u. 

. «vbi  «y  1 
,  /bit+VD 
1BUHU  5 

.btVtfUi 
,  22ut  ♦  U  1 

b. 


***** 


IUKS1UHAL  LUNblANl  hAbLU  UN  SU* 
NUl  NtLtbSAHlLt  ALLUKAIt 


**•  *  • 
•  *  *  •  • 
***** 
***** 
***** 
***** 
***** 
***** 
•  *  *  *  * 
***** 
•  *  *  *  * 
***** 


•  *  *  *  * 


B-43 


Aerospace  Structures 
Information  and  Analysis  Center 


PROPERTY  NUMBER:  4 

ELEMENT  NUMBERS:  43 

46 


DESCRIPTION :  Lower  console  support  channel  5  at  isolators 

0.19  web,  0.29  flange,  A1  6061-T6 


Global 
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PROPERTY  NUMBER:  4  (continued) 

CALCULATIONS: 

See  INERTIA  program  output  on  following  page. 


STRESS 

RECOVERY 

POINTS 

Point 

y 

z 

C 

1.275 

2.0 

D 

1.275 

-2.0 

E 

-0. 975 

2.0 

F 

-0. 975 

-2.0 

OFFSET 


CBAR  Element  No. 

Z1A 

Z2A 

Z3A 

Z1B 

Z2B 

Z3B 

43,  46 

0.  0 

-0.783 

0.0 

0.  0 

-0.783 

o 

• 

o 
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PROPERTY  NUMBER:  5 

ELEMENT  NUMBERS:  70 

71 

74 

75 


DESCRIPTION: 


Gusset  stiffeners  for  channel  5  connection 
at  upper  corners 
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PROPERTY  NUMBER:  5  (continued) 


CALCULATIONS: 

t  _  (0.375X2. 0)3 
1  "  12 

T  _  (2. 0) (0. 375)3 
2  12 


0.25  in4 
0.009  in4 


CBAR  Element  No. 

Z1A 

Z2A 

Z3A 

Z1B 

Z2B 

Z3B 

70,71,74,75 

0.0 

0.  0 

0.0 

0.0 

0.0 

0.  0 
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PROPERTY  NUMBER:  6 

ELEMENT  NUMBERS:  65 

66 


DESCRIPTION :  Effective  cross  section  for  connection  of 
ehannel  3  to  channel  2  at  the  top 


z 


H  h'19 
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CBAR  Element  No. 

Z1A 

Z3A 

Z3A 

Z1B 

Z2B 

Z3B 

65,66 

O 

o 

O 

o 

O 

o 

o 

o 

o 

o 

O 

o 
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APPENDIX  C 

DETAILED  CALCULATIONS  AND 
STRESS  ANALYSIS 
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C.l  WELDMENT  STRESS  CALCULATIONS 

Those  weldment  areas  on  the  support  structure  considered 
most  critical  will  be  analyzed  in  detail.  There  are  two  types 
of  welds  present  -  single  bevel  butt  weld  and  ^  in.  leg  fillet 
weld.  Since  most  of  the  welds  are  the  fillet  type,  it  can  be 
assumed  that  the  following  analysis  addresses  these  unless 
indicated  otherwise. 

The  absolute  values  of  the  element  forces  (bending  moment, 
twist  moment,  and  shear)  are  summed  for  the  1.5  g  Side  to  Side, 
9.0  g  Fore,  and  6  g  Down  loading  conditions.  This  summation 
will  yield  the  maximum  internal  loads  imposed  on  the  welds. 
Although  the  forces  are  an  average  for  the  CQUAD2  and  CTRIA2 
elements,  a  summation  of  the  absolute  values  should  guarantee 
conservative  results.  The  NASTRAN  force  results  of  the  plate 
elements  are  per  unit  length  (i.e.,  force  resultants). 

C.1.1  LOWER  CORNER  WELD  STRESSES 

The  first  weld  area  analyzed  is  for  the  lower  corner  at 
which  three  channel  members  are  welded  together.  Figure  5  shows 
the  NASTRAN  elements  for  this  area.  The  NASTRAN  force  output 
for  elements  CQUAD2  193  and  196  gives  the  loading  imposed  on 
the  weld  between  channel  5  and  channel  2. 

For  CQUAD2  193, 

M  =  0.89  +  5.45  +  6.75  =  13.09  in-lb/in. 

T  =  1.26  +  1.31  +  1.77  =  4.34  in-lb/in. 

V  =  2.43  +  26.9  +  18.02  =  47.35  Ib/in. 

For  CQUAD2  196, 

M  =  0.63  +  3.03  +  2.69  =  6.35  in-lb/in. 

T  =  0.17  +  5.36  +  1 ; 04  =  6.57  in-lb/in. 

V  =  2.86  +  6.45  +  14.42=  23.73  Ib/in. 

The  force  resultants  for  the  two  elements  becomes , 
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M  =  13.09  +  6.35  =  19.44  in-lb/in. 

T  =  Ny/(4.34  )2  +  (6. 57  ) 2  =  7.87  in- lb/in. 

V  =  47.35  +  23.73  =  71.08  lb/in. 

Each  of  the  above  forces  are  per  unit  length  and  must  be 
multiplied  by  the  weld  length  to  obtain  the  total  force. 


weld  length  =  2.75" 


Typical 
Weld  Section 


— *j  .25" 


The  moment  of  inertia  for  the  weld  between  channel  5  and 


channel  2  is 


(2.75)(0.25) 


0.0036  in. 


The  bending  stress  is  calculated  as 
Me  _  (19.44X2.75)  (0.125)  _ 


0.0036 


=  1856  psi. 


The  shear  stress  due  to  the  twisting  moment  is  calculated 


t  =  (3  +  1.8  j) 

It1  * 


(from  Mechanical  Engineering 
Design,  2nd  Edition,  1972,  p.  69) 


where  l  =  the  weld  length,  t  =  the  weld  leg 


T  =  (7-87)(2-75)  (3  +  i.8  =  398  psi 

(2.75X0.25; 


C-4 


Aerospace  Structures 
Information  and  Analysis  Center 


The  primary  shear  stress  due  to  the  shear  force  is 


calculated  as 
V 

T  =  A 


where  A  =  area  at  the  weld  throat 


(71.08X2.75) 

T  “  (0.707X0. 25X2.75)  ~ 

The  total  shear  stress  becomes 


T  =  402  +  391 


100  psi. 


Thus,  the  maximum  weld  stresses  become 


_  1856 
2 


'(18|6).  +  (80Q)2  =  2153 


(0856_)_  +  (800  )2  =  1225  psi. 


The  margins  of  safety  are 
MS  =  -„9^r°£  -1=8 


MS  =  18  ’ -  1  =  14 

1,225 

Next  the  weld  stresses  between  channel  5  and  the  gusset 
plate  are  analyzed.  The  NASTRAN  forces  in  the  element  X 
coordinate  of  CQUAD2  196  depict  the  loads  for  this  weld. 


M  =  0.63  +  3.03  +  2.69 
T  =  0.17  +  5.36  +  1.04 


6.35  in- lb /in. 
6.57  in-lb/in. 


V  =  2.86  +  6.45  +  14.42  =  23.73  lb/in. 

The  moment  of  inertia  for  this  weld  is  calculated  as : 


2(0.25)°  _  n 

- Y2 -  -  0.00  26  m. 


The  bending  stress  is 

„  _  (  6. 3  5)  (2.0)(0. 12  5)  _ 


0.0026 

The  twisting  shear  is 
_  (  6. 57)  (2.0) 

(2.0X0.25)2 


=  611  psi. 


(3  +  1.8  ^|-)  =  339  psi. 
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The  primary  shear  is 

(23.73X2.0) 


x  = 


=  134  psi. 


(0.707X2. OHO. 25) 

The  maximum  stresses  for -this  weld  are  calculated  as 

=  ill  +  JmjL  +  (339  +  134 ) 2  =  869  psi. 


max 


max 


(611) 


+  (339  +  134)  =  563  psi. 


Also,  the  margins  of  safety  are 
19,300 


MS 


MS 


869 

18,240 

563 


-  1  =  21 


-  1  =  -31 


The  maximum  weld  stresses  between  channel  5  and  channel  3 
are  evaluated  as  follows.  The  highest  forces  occurred  in 
element  CQUAD2  192  and  for  the  combined  loading  conditions 
yielded  the  following  forces  on  the  weld, 

M  =  1.15  +  8.66  +  5.11  =  14.92  in-lb/in. 

T  =  0.78  +  5.40  +  0.28  =  6.46  in-lb/in. 

V  =  2.77  +  75.11  +  7.98  =  85.86  lb/in. 

The  moment  of  inertia  for  the  weld  about  the  element 
X-axis  is 


I  =  (2-  25)(_0-2_5)  _  o.oo29  in': 


Thus  the  bending  stress  is 

a  -  0-4. 92X2.25X0. 125)  _  1447  • 

°  0.0029  ~  P 

The  shear  stress  due  to  the  twisting  moment  is 

x  =  1.6 -46)  (2. 25)  (3  +  1>8  0j_|5)  =  331  psi, 

(2.25X0.25) 


The  primary  shear  stress  is 
(  8  5 . 80)  (2.25) 


x  = 


(0.707X0.25X2.25) 


487  psi. 
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Therefore,  the  maximum  weld  stresses  are  calculated  to  be 
1447 


max 


'max 


1447  }  -  +  (331  +  487)2  =  1815  pSi. 


-  +  (331  t  486 ) 2  =  109  2 


psi . 


The  margins  of  safety  for  these  maximum  stresses  become 


jwfo  -  19,300 
~  1815 

-  1  =  10 

MS  -  18’240 
nb  1091 

-  1  =  16 

The  maximum  weld  stresses  between  channel  3  and  channel  2 
are  calculated  using  the  NASTRAN  force  output  for  elements 
CQUAD2  190  and  191. 

For  CQUAD2  190, 

M  =  0.55  +  8.15  +  0.57  =  9.27  in-lb/in. 

T  =  0.92  +  7.11  +  3.69  =  11.72  in-lb/in. 

V  =  0.37  +  8.65  +  4.08  =  13.10  lb/in. 

For  CQUAD2  191, 

M  =  2.28  +  6.71  +  10.98  =  19.97  in-lb/in. 

T  =  0.40  +  7.35  +..  1.28  =  9.03  in-lb/in. 

V  =  5.88  +  13.34  +  28.89  =  48.11  lb/in. 

The  moment  of  inertia  for  each  of  these  welds  is 


I  = 


(2.06X0.25) 

12 


=  0.0027  in. 


The  bending  and  shear  stresses  for  the  weld  on  CQUAD2  190  are 


(9.27X2.06X0.125) 

0.0027 


884  psi. 


x 


x 


(11.72)(2.06) 

(2.06H0.25)2 


(3  +  1.8 


0.25.  _ 
2.06 


(13.10X2.06) 

"  (0.707X2.06X0.25) 


75  psir 


604  psi. 


The  maximum  stresses  for  this  weld  are 
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a  -  MiU  /  (88,.41_  +  (604  +  7 5  ) 2  =  1252  psi, 

max  2  v  4 


x  =  ^  (884)  .  +  (604  +  7 5 ) 2  =  810  psi. 

max  4 


The  margins  of  safety  are 

M3  -  2. 88  8  -  l  =  14 

1,252  L 


MS  =  18,240  ^ 

810  1 


22 


The  maximum  stresses  for  the  weld  on  CQUAD2  191  are 
„  _(19. 97)  (2.06X0.125)  _ 


T  = 


T  = 


0.0027 
(9 . 03  )  (2 . 06 ) 


(3  +  1.8 


1,905  psi. 
0.25 


(2.06) (0.25) 

(48 .11) (2.06) 
(0.707)(2.06)(0.25) 

_1905 


2.06 
=  272  psi. 


)  =  466  psi. 


max 


* 


(19050  +  (1+46  +  272  ) 2  =  2,145  psi. 


{  jjjlll  +  (446  +  272 ) 2  =  1,193  psi. 
max  v  4  ^ 

The  margins  of  safety  are 

MS  =  ~I"7I4'S  "  1  =  8 
MS  =  Ttm  -  1  =  14 

Since  the  NASTRAN  output  indicates  small  forces  for  the 
plate  elements  of  the  gussets,  it  is  deemed  unnecessary  to 
analyze  the  welds  on  the  gusset  plates. 
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C.1.2  CROSS  BRACE  WELD  STRESSES 

Next  the  maximum  weld  stresses  between  channel  4  and 
v  channel  2  are  calculated.  The  highest  combined  loads  were 
obtained  from  the  NASTRAN  force  output  for  element  CBAR  33. 
The  location  of  this  element  is  shown  in  Figure  9. 


M2  =  14,720.70  in-lb. 


The  weldment  moment  of  inertia  for  the  element  reference 
plane  2  is 
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l 


»  Local  Z 

Z  Axis 


+  r2)  =  2(0.38  in2)((2;|-5)-  +  (2.125)2) 

O  12 

(from  Mechanical  Engineering  Design,  2nd  Edition,  1972, 
p.  69) 

J  =  3.72  in'! 


For  the  secondary  shear  stress  in  plane  2 
x 


Mr 

J 


T  =  at, 720. 70X2.38)  =  9>„18  psi. 

And  for  the  primary  shear  stresses  in  plane  2 
V  944 


T  = 


T  = 


A  "  2(0.38) 
172.70 


=  1^242  psi. 


=  227  psi. 


2(0.38) 

The  resultant  shear  stress  becomes 


t  = 


^ 9, 418) 2  +  (1,242  +  227) 2  =  9,532  psi. 
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The  weldment  moment  of  inertia  for  the  element  reference 
plane  1  is 

I  =  2<2-15>V.2S)  =  Q.41  ln4 
z  12 


The  weld  stresses  in  plane  1  are 
Me  _  (410.40X1.08) 


a  = 


t  = 


0.41 

22.05 


=  1,081  psi. 
=  29  psi. 


2(0.707X2.15X0.25) 

The  shear  stress  in  plane  1  due  to  the  axial  torque  is 

J  =  2r2A  =  2(2.125)2(0.38)  =  3.43  in'! 


T  = 


_  (345.58) (2.125)  _ 


3.43 


214  psi. 


The  resultant  shear  stress  of  planes  1  and  2  becomes 


T  = 


sj ( 9 , 5  38 ) 2  +  (29  +  214 ) 2  =  9,541  psi. 


Thus,  the  maximum  stresses  for  this  weld  are  calculated  to  be 
1081 


max 


max 


(!081)_.+  (95541)2  _  10)097  psi, 


d°8]J_  +  (9  5541)2  =  g  2  55  6  psi. 


Also,  the  margins  of  safety  are  calculated  as 
MS 


MS 


_  19 , 300  _  -j  _  ri  q-i 
"  10,097  1  ~ 

--  TtliF  -  1  =  °-91 
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C.1.3  ZEE  MEMBER  WELD  STRESSES 

For  the  structural  Zee  at  the  base  attachment ,  the  maximum 
weld  stresses  to  channel  3  are  calculated.  The  highest  forces 
of  the  Zee  member  occurred  in  element  CBAR  61.  This  element 
is  shown  in  Figure  10. 

Forces  for  the  9  g  loading  condition  in  element  reference  plane  1, 

M  =  6,100.37 

V  =  3,768.24 

T  =  198.06 

Forces  for  the  9  g  loading  condition  in  element  reference  plane  2 , 

M  =  7,191.11 

V  =  4,839.42 

P  =  166.95 


The-  weldment  moment  of  inertia  for  bending  in  reference 
plane  1  of  CBAR  61  is  calculated  as  follows: 

2  2 

j  =  2A(^V  +  r2)  =  2(2.25)(0.707)(0.25)((2;  a5—  +  (1.66)2 
12  O 

J  =  2.5  3  in'! 

The  weld  shear  stresses  in  plane  1  are: 

x  =  Mr  =  (  6 , 1 0  0 . 3  7  )  (  2  ^_0  0  )  =  psi> 

(J  A  •  b  d 


(3,768.24) 


2(0. 707)  (2 


7gf K0T25T  =  4’738  Psi‘ 
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The  shear  stress  due  to  the  axial  torque  is  calculated  as 

Jr  =  2r2A  =  2(1.66)2(0.707)(0.25)(2.25)  =  2.19  in’! 
o 


T  r 


!o  =  (198  06H1.66_)_  __  160 

1  J»  2.19  V 

The  resultant  shear  stress  of  plane  1  is , 


^(4 , 822 ) 2  +  (4,738  +  150)2  =  6,866  p 


si . 


The  weldment  moment  of  inertia  for  bending  in  reference 
plane  2  of  CBAR  61  is  calculated  as  follows 


2(0.25X2.25) 

12 


0.47  int 


The  weld  stresses  in  plane  2  are 
_  ( 7 , 191. 11) (1. 13) 


a  = 


0.47 


=  17,289  psi 


_  (4,839.42) _  _  -  ~  q  .  • 

T  "  2(0 . 707) (0 . 25) (2 . 25)  ~  6,084  PS1* 

The  shear  stress  in  plane  2  due  to  the  axial  force 

166.95  -Tin  n-'i 

T  "  2(0.707X0.25X2.25)  ~  P 

The  resultant  shear  stress  for  planes  1  and  2  becomes 


T  = 


(6,866)  +  (6,084  +  210)  =9,314  psi, 


Therefore,  the  margins  of  safety  for  these  weldment 
stresses  are  calculated  as 


19,300 

17,289 


1  =  0.12 


MS 


18,240 

9,314 


1  =  0.96 
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C.2  BEAM  COLUMN  BUCKLING  ANALYSIS 

The  vertical  5  in.  channel  members,  channel  2,  are  analyzed 
for  beam  column  stability,  loaded  according  to  the  element 
forces  from  the  NASTRAN  output.  A  conservative  analysis  is 
made  by  assuming  that  the  column  is  free  at  the  top  and  fixed 
at  the  base.  The  length  considered  is  72.6  in. 


^Channel  Member  2 


The  torsional  effect  of  the  cross  brace  channel  4  (CBAR  33) 
must  also  be  included  in  the  analysis.  The  torque  imposed  on 
the  column  by  the  cross  brace  will  contribute  to  the  beam 
column's  instability.  The  critical  buckling  load  is  calculated 
by 
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Since  the  highest  axial  loads  for  this  member  occurred  in 
element  CBAR  7,  the  element  axial  forces  are  combined  for  the 
1.5  g  Side  to  Side,  9.0  g  Fore,  and  6  g  Down  loading  conditions. 


P  =  1,166.93  +  1,704.89  +  1,672.90  =  4,545  lb. 


In  order  to  take  into  account  the  buckling  moment  induced 
in  the  column  by  channel  4,  the  axial  torque  of  element  CBAR  33 
for  the  three  loading  conditions  is  divided  by  the  translation 
in  plane  1  of  the  attachment  point  between  channel  2  and 
channel  4  (NASTRAN  grid  point  9).  This  method  will  provide  an 
equivalent  axial  load  to  the  column  that  has  the  same  buckling 
effect  on  channel  2  as  the  torque  from  channel  4. 


P 

eq 


88.49  250.89  6.20 

0.0046  0.430  0.0226 


20,095  lb. 


Finally,  the  two  axial  loads  can  be  combined  to  give  the 


total  vertical  load  on  the  column. 


p  =  p  +  p  =  4,544  +  20,095  =  24,640  lb. 
t  eq 

The  margin  of  safety  is  calculated  as 


MS 


53,600 

24,640 
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C. 3  ISOLATOR  STRESS  CALCULATIONS 

The  information  received  stated  that  the  isolators  were  a 
Model  507  Code  3.  Furthermore,  the  elastomer  used  in  the 
isolators  is  given  as  natural  rubber.  The  cross  sectional 
dimensions  of  the  isolator  are  as  follows: 


b 


1.88"- 


The  area  for  tension,  compression,  and  transverse  shear 
is  calculated  to  be 
>2 


0 . 459 2 )  J  =  2.61  in? 


=  1(0.459)  tt(0 . 76  +  0.12)  =  0.63  in? 
b  2 


A  =  (1.88' 

The  bearing  stress  area  is  calculated  to  be 
A1 

The  combined  maximum  axial  and  shear  loads  on  one  isolator 
for  the  1.5  g  Side  to  Side,  9.0  g  Fore,  and  6  g  Down  loading 
conditions  is  obtained  from  Table  5. 

P  =  (0.13)  +  (1.38)  +  1,179.51)  =  1,181.02  lb. 

y 

P  =  [(318. 2D2  +  (18. 45)2  +  (1,671. 83)2  +  (96. 38)2 
xz 

+  (102. 30)2  +  (51.24)2]172  =  1,708.51  lb. 


The  corresponding  stresses  are 
a 


(1,181.02)  „ co 
=  — L27T6 -  =  453  psi- 


_  (1,708.51)  . 
t - jTei -  655  psi. 
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The  bearing  stress  is  calculated  as , 


_  (1,708.51)  _ 


0.63 


=  2,712  psi. 


The  tensile  strength  of  natural  rubber  is  4,000  psi.  This 
is  from  "Machine  Design,"  Materials  Reference  Issue,  March  1976 
p.  196.  No  value  was  given  for  the  compressive  strength,  but 
it  should  be  conservative  to  use  the  tensile  strength.  Also, 
the  shear  strength  is  assumed  to  be  60%  of  the  tensile  strength 
The  margins  of  safety  become 


4,000 

453 


1  =  8 


MS  =  ■? ’It?0 


MS  =  YTTlf  “  1  =  0 • 5 

Also,  a  check  is  made  for  bottoming  out  of  the  isolators. 
From  Table  6,  the  maximum  relative  displacements  for  the  isola¬ 
tor  are  0.87  in.  in  the  transverse  direction  and  0.64  in.  in 
the  axial  direction. 

The  clearance  in  the  axial  direction  is 

6  =  0.76  in. 

C8. 

Consequently,  the  displacement  is  less  than  the  clearance 
for  the  axial  direction. 

The  clearance  in  the  transverse  direction  is 


6Qt  =  (2.0  -  0 . 459 ) / 2  =  0.77  in. 

The  relative  displacement  in  the  transverse  direction  is 
0.10  in.  greater  than  the  clearance. 
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APPENDIX  D 

STATIC  EQUILIBRIUM 
CALCULATIONS 
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This  appendix  supplies  the  calculations  to  verify  static 
equilibrium  for  the  entire  support  frame.  Calculations  are 
included  for  the  balance  of  forces  and  moments  for  each  of  the 
six  loading  conditions.  The  reaction  forces  at  the  base 
attachment  grid  points  (41,  42,  62,  and  63)  were  obtained  from 
the  NASTRAN  output  of  Forces  of  Single-Point  Constraint  and 
combined  for  the  right  and  left  halves.  The  summation  of 
moments  was  taken  at  grid  point  62  on  the  right  side. 

D.l  SUMMATION  OF  FORCES 
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Summation  of  Forces  in  the  x  Direction 
1.5  g  +  z  Side  Loading  Condition 


Attachment 

Reactions 

Console 

Reactions 

Gravity  Frame 
Loading 

238.1 

-18.5 

0 

-238.8 

18.5 

-56.6 

-18.5 

55.4 

18.5 

-345.4 

1 

H 

00 

Cn 

346.2 

18.5 

82.0 

1 

H 

oo 

cn 

1 

00 

o 

• 

00 

•18.5 

1=  0.10 

0 

0 

Summation  of  Forces  in  the  x  Direction 
1.5  g  +z  Side  Loading  Condition 


Attachment 

Reactions 

Console 

Reactions 

Gravity  Frame 
Loading 

318.9 

-0.13 

0 

-319.9 

0.13 

2,210.8 

-0.13  ' 

-2,209.8 

0.13 

459.1 

-0.13 

-459.1 

0.13 

2,547.1 

-0.13 

-2,546.  1 

0.13 

II 

H 

• 

o 

0 

0 
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Summation  of  Forces  in  the  z  Direction 
1.5  g  +  z  Side  Loading  Condition 


Attachment 

Console 

Gravity  Frame 

Reactions 

Reactions 

Loading 

-121.7 

225.5 

1.5  (270.7)  = 

-117.3 

225.5 

406.1 

-450.9 

226.4 

-448.5 

226.4 

-137.3 

317.3 

-132.3 

317.3 

-588.2 

318.2 

-584.9 

318.2 

1=  -2,581.1 

2,174.8 

406.1 

Summation  of  Forces  in  the 

x  Direction 

1.5  g  - 

-z  Side  Loading 

Condition 

Attachment 

Console 

Gravity  Frame 

Reactions 

Reactions 

Loading 

-238.1 

-18.5 

0 

238.8 

18.5 

56.6 

-18.5 

-55.4 

18.5 

345.4 

-18.5 

-346.2 

18.5 

-82.0 

-18.5 

80.8 

18.5 

o 

1 — 1 

• 

o 

1 

II 

- - - 

0 

0 
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Summation  of  Forces  in  the  y  Direction 
1.5  g  -z  Side  Loading  Condition 


Attachment 

Console 

Gravity  Frame 

Reactions 

Reactions 

Loading 

-318 . 9 

-0.13 

0 

319.9 

0.13 

-2,210.8 

-0.13 

2,209.8 

0.13 

-458.1 

-0.13 

459.1 

0.13 

-2,547.1 

-0.13 

2,540.1 

0.13 

£Xl 

II 

1 

CD 

# 

O 

0 

0 

Summation  of  Forces  in  the 

z  Direction 

1.5  g  - 

-z  Side  Loading 

Condition 

Attachment 

Console 

Gravity  Frame 

Reactions 

Reactions 

Loading 

121.7 

-225.5 

-1.5  g  (270.7)=  : 

117.3 

-225.5 

-406.1 

450.9 

-226.4 

448.5 

-226.4 

137.3 

-317.3 

132.3 

-317.3 

588.2 

-318.2 

584.9 

-318.2 

1=  2,581.1 

-2,174.8 

-406.1 
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Summation  of  Forces  in  the  x  Direction 
9  g  Fore  Loading  Condition 


Attachment 

Reactions 

Console 

Reactions 

Gravity  Frame 
Loading 

-3,988.8 

1,668.2 

9(270.7)  = 

-3,760.8 

1,590.7 

2,436.3 

2  0.5 

1,668.2 

l — 1 

.rt- 

i — 1 

1 

1,590.7 

-3,988.8 

1,671.8 

-3,760.8 

1,594.4 

20.5 

1,671.8 

-14.1 

1,594.4- 

l-  -15,486.4 

13,050.2 

2,436.3 

Summation  of  Forces  in  the  y  Direction 
9  g  Fore  Loading  Condition 


Attachment 

Reactions 

Console 

Reactions 

Gravity  Frame 
Loading 

-5,083.4 

1.4 

0 

-4,785.5 

1.4 

6,406.5 

-1.4 

7,076.3 

-1.4 

5,083.4 

1.4 

4,785.5 

1.4 

-6,406.5 

-1.4 

-7,076.3 

-1.4 

o 

II 

t — 3 

0 

0 
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Summation  of  Forces  in  the  z  Direction 
9  g  Fore  Loading  Condition 


Attachment 

Console 

Gravity  Frame 

Reactions 

Reactions 

Loading 

-5,883.2 

-96.4 

0 

5,924.2 

-96.4 

1,622.2 

96.4 

-1,345.1 

96.4 

5,883.2 

-96.4 

-5,924.2 

-96.4 

-1,622.2 

96.4 

1,345.1 

96.4  - 

ii 

o 

0 

0 

Summation  of  Forces  in  the 

x  Direction 

1.5  g  Aft  Loading  Condition 

Attachment 

Console 

Gravity  Frame 

Reactions 

Reactions 

Loading 

664.8 

-278.0 

-1.5(270.7)  = 

626 . 8 

-265.1 

-406.1 

-3.4 

-278.0 

2.4 

-265.1 

664.8 

-278.6 

626.8 

-265.7 

■rt* 

CO 

-278.6 

=5r 

• 

CM 

-265.7 

l =  2,581.2 

-2,174.8 

-406.1 
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Summation  of  Forces  in  the  y  Direction 
1.5  g  Aft  Loading  Condition 


Attachment 

Reactions 

Console 

Reactions 

Gravity  Frame 
Loading 

847.2 

-0.2 

0 

797.6 

-0.2 

-1,067.8 

0.2 

-1,179.4 

0.2 

-847.2 

-0.2 

-797.6 

-0.2 

1,067.8 

0.2 

1,179.4 

0.2 

0^1 

li 

o 

0 

0 

Summation  of  Forces  in  the  z  Direction 
1.5  g  Aft  Loading  Condition 


Attachment 

Reactions 

Console 

Reactions 

Gravity  Frame 
Loading 

980.5 

16 . 1 

0 

-987.4 

16.1 

-270.4 

-16.1 

224.2 

-16.1 

-980.5 

16.1 

987.4 

16.1 

270.4 

-16.1 

-224.2 

-16.1 

o 

II 

U-0 

0 

0 
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Summation  of  Forces  in  the  x  Direction 
6  g  Down  Loading  Condition 


Attachment 

Console 

Gravity  Frame 

Reactions 

Reactions 

Loading 

421.  8 

-102.3 

0 

354.5 

-102.3 

-490.4 

-102.3 

-475.8 

-102.3 

-219.5 

102.3 

-152.4 

102.3 

289.1 

102.3 

272.7 

102.3 

o 

II 

1X1 

0 

0 

Summation  of  Forces  in  the 

y  Direction 

6  g  Down  Loading  Condition 

Attachment 

Console 

Gravity  Frame 

Reactions 

Reactions 

Loading 

550.4 

-1,026.3 

-6(270.7)  = 

462.3 

-995.5 

-1,624.2 

2,156.9 

-1,179.5 

1,505.2 

-1,148.7 

288.6 

-1,026.3 

200.9 

-995.5 

2,907.5 

-1,179.5 

2,752.6 

-1,148.7 

l-  10,324.4 

-8,700.0 

-1,624.2 
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Summation  of  Forces  in  the  z  Direction 
6  g  Down  Loading  Condition 


Attachment 

Reactions 

Console 

Reactions 

Gravity  Frame 
Loading 

520.5 

51.2 

0 

-519.9 

51.2 

639.1 

51.2 

-639.7 

51.2 

211.3 

-51.  2 

-209.9 

-51.2 

701.  3 

-51.2 

-702.7 

-51.2 

o 

II 

K) 

0 

0 

Summation  of  Forces  in  the  x  Direction 
3  g  Up  Loading  Condition 


Attachment 

Reactions 

Console 

Reactions 

Gravity  Frame 
Loading 

-210.9 

51.2' 

0 

-177.3 

51.2 

245.2 

51.2 

237.9 

51.2 

109.7 

-51.2 

76.2 

-51.2 

-144.5 

-51.2  . 

-136.4  • 

-51.2 

' 

o 

H 

♦ 

O 

1 

II 

t — 3 

0 

0 
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Summation  of  Forces  in  the  y  Direction 
3  g  Up  Loading  Condition 


Attachment 

Reactions 

Console 

Reactions 

Gravity  Frame 
Loading 

-275.2 

513.2 

3(270.7)  = 

-231.2 

497.7 

812.1 

-1,078.4 

589.8 

-752.6 

574.3 

-144.3 

513.2 

-100.4 

497.7 

-1,453.8 

589.8 

-1,126.3 

574.3  - 

£=-5,162.2 

4,350.0 

812.1 

Summation  of  Forces  in  the  z  Direction 
3  g  Up  Loading  Condition 


Attachment 

Reactions 

Console 

Reactions 

Gravity  Frame 
Loading 

-260.3 

-2  5.6' 

0 

259.9 

-25.6 

-319.6 

-25.6 

319.8 

-25.6 

-105.6 

25.6 

104.9 

25.6 

-350.7 

25.6  . 

351.4  . 

25.6 

1=  -0.20 

0 

0 
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D.2  SUMMATION  OF  MOMENTS 

EM  about  the  x  axis  for  1.5  g  +z  Side  Loading. 

-20.5(319.9)  -  20.5(2209.8)  -  20.5(459.1)  -  20.5(2546.1) 

-  20.5(0.13)4  +  78.4(225.5)2  +  78.4(317.3)2  +  10.25(226.4)2 
+  10.25(318.2)2  •+  1.5(270.7)42.4  =  15.8 

EM  about  the  y  axis  for  1.5  g  +z  Side  Loading. 

20.5(238.8)  -  20.5(55.4)  -  20.5(346.2)  +  20.5(80.8) 

+  20.5(18.5)4  -  22.6(121.7)  -  22.6(117.3)  -  42.4(137.3) 

-  42.4(132.3)  -  65(588.2)  -  65(584.9)  +  7(225.5)2 

+  7(226.4)2  +  58(317.3)2  +  58(318.2)2  +  1.5(270.7)32.5 
=  -6.72 

EM  about  the  z  axis  for  1.5  g  +z  Side  Loading. 

-20.5(318.9)  +  20.5(319.9)  -  42.4(459.1)  +  42.4(459.1) 

-  65(2,547.1)  +  65(2,546.1)  =  -44.5 

EM  about  the  x  axis  for  1.5  g  -z  Side  Loading. 

20.5(319.9)  +  20.5(2209.8)  +  20.5(459.1)  +  20.5(2,546.1) 

+  20.5(0.13)4  -  78.4(225.5)2  -  78.4(317.3)2  -  10.25(226.4)2 

-  10.25(318.2)2  -  1.5(270.7)42.4  =  -15.8 
EM  about  the  y  axis  for  1.5  g  -z  Side  Loading. 

-20.5(238.8)  +  20.5(55.4)  +  20.5(346.2)  -  20.5(80.8) 

-  20.5(18.5)4  +  22.6(121.7)  +  22.6(117.3)  +  42.4(137.3) 

-  42.4(132.3)  +  65(588.2)  +  65(584.9)  -  7(225.5)2 

-  7(226.4)2  -  58(317.3)2  -  58(318.2)2  -  1.5(270.7)32.5 
=  6.72 
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EM  about  the  z  axis  for  1.5  g  -z  Side  Loading. 

20.5(318.9)  -  20.5(319.9)  +  42.4(459.1)  -  42.4(459.1) 

+  65(2,547.1)  -  65(2,546.1)  =  44.5 
EM  about  the  x  axis  for  9  g  Fore  Loading. 

-20.5(4,785.5)  +  20.5(7,076.3)  +  20.5(4,785.5) 

-  20.5(7,076.3)  =  0.0 

EM  about  the  y  axis  for  9  g  Fore  Loading. 

20.5(3,760.8)  +  20.5(14.1)  +  20.5(3,760.8)  +  20.5(14.1) 

-  20.5(1,590.7)2  -  20.5(1,594.4)2  -  10.2(270.7)9 

-  22.6(5,883.2)  +  22.6(5,924.2)  +  42.4(5,883.2) 

-  42.4(5,924.2)  -  65(1,622.2)  +  65(1,345.1)  -  7(96.4)4 
+  58(96.4)4  =  173.8 

EM  about  the  z  axis  for  9  g  Fore  Loading. 

22.6(5,083.4)  +  22.6(4,785.5)  -  42.4(5,083.4)  -  42.4(4,785.5) 
+  65(6,406.5)  +  65(7,076.3)  -  7(1. 4)4  +  58(1.4)4 

-  78.4(1,590.7)2  -  78.4(1,668.2)2  -  10.25(1,594.4)2 

-  10.25(1,671.8)2  -  42.4(270.7)9  =  11.6 
EM  about  the  x  axis  for  1.5  g  Aft  Loading. 

20.5(797.6)  -  20.5(1,179.4)  -  20.5(797.6) 

+  20.5(1,179.4)  =  0.0 
EM  about  the  y  axis  for  1.5  g  Aft  Loading. 

-20.5(626.8)  -  20.5(2.4)  -  20.5(626.8)  -  20.5(2.4) 

+  22.6(980.5)  -  22.6(987.4)  -  42.4(980.5)  +  42.4(987.4) 

+  65(270.4)  -  65(224.2)  +  20.5(265.3)4  +  7(16.1) 

-  58(16.1)4  +  10.2(270.7)1.5  =  -383.8 
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EM  about  the  z  axis  for  1.5  g  Aft  Loading. 

-22.6(847.2)  -  22.6(797.6)  +  42.4(847.2)  +  42.4(797.6) 

-  65(1,067.8)  -  65(1,179.4)  +  78.4(265.1)2  +  78.4(278.0)2 
+  10.25(265.7)2  +  10.25(278.6)2  +  7(0. 2)4  -  58(0.2)4 

+  42.4(270.7)1.5  =  -9.01 
EM  about  the  x  axis  for  6  g  Down  Loading. 

20.5(462.3)  +  20.5(200.9)  +  20.5(2,252.6)  -  20.5(1,148.7)2 

-  20.5(995.5)2  +  78.4(51.2)4  -  10.2(51.2)4  -  10.2(270.7)6 
+  20.5(1,505.2)  =  118.8 

EM  about  the  y  axis  for  6  g  Down  Loading. 

-20.5(354.5)  +  20.5(475.8)  +  20.5(152.4)  -  20.5(272.7) 

+  22.6(520.5)  -  22.6(519.9)  +  42.4(211.3)  -  42.4(209.9) 

+  65(701.3)  -  65(702.7)  =  -91.0 
EM  about  the  z  axis  for  6  g  Down  Loading. 

-22.6(550.4)  -  22.6(462.3)  -  42.4(288.6)  -  42.4(200.9) 

-  65(2,907.5)  -  65(2,252.6)  +  32.5(270.7)6  +  7(1,026.3)2 
+  7(995.5)2  +  58(1,148.7)2  +  58(1,179.5)2  +  78.4(102.3)4 

-  10.2(102.3)4  =  22.0 

EM  about  the  x  axis  for  3  g  Up  Loading. 

-20.5(231.2)  -  20.5(752.6)  -  20.5(100.4)  -  20.5(1,126.3) 

+  20.5(574.3)2  +  20.5(497.7)2  +  10.2(270.7)3  -  78.4(25.6)4 
+  10.2(25.6)4  =  -63.5 
EM  about  the  y  axis  for  3  g  Up  Loading. 

20.5(177.3)  -  20.5(237.9)  -  20.5(76.2)  +  20.5(136.4) 

-  22.6(260.3)  +  22.6(259.9)  -  42.4(105.6)  +  42.4(104.9) 

-  65(350.7)  +  65(351.4)  =  -1.4 
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ZM  about  the  z  axis  for  3  g  Up  Loading. 

22.6(275.2)  +  22.6(231.2)  +  42.4(144.3)  + 
+  65(1,453.8)  +  65(1,126.3)  -  32.5(270.7) 
-  58(574.3)2  -  7(513.2)2  -  7(497.7)2  -  78 
+  10.2(51.2)4  =  -22.4 


42.4(100.4) 

-  58(589.8)2 
4(51.2)4 
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